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PREFACR 



The following pages contain a reprint of a series of 
articles which appeared originally in The Electrical En- 
gineer. The articles having been favorably received by 
the readers of that journal, it is thought that their collec- 
tion in complete and convenient form will be acceptable to 
that large proportion of the electrical profession engaged 
in the construction and maintenance of overhead and 
underground wires. 

The main idea running through this little work Is to 
present in clear and practical form the ordinary every-day 
work of the testing-room, in other words, the rudiments of 
wire and cable testing, with a view to furnishing to the 
workers in the great fields of telephony, telegraphy, elec- 
tric lighting and electric railroading a concise guide to the 
manipulation of a set of testing instruments. 

It goes without saying that references have been occa- 
sionally made to the standard work on this subject, 
Kempe^s "Handbook of Electrical Testing;*^ and the same 
writei-^s "Electrical Engineer's Pocket-book,^' has also, 
from time to time been referred to. 

The author's acknowledgments are due to Mr. E. H. 
Lyon for assistance in the preparation of the original 
diagrams, which materially help to explain the text. 

New York, July 1891. 

ill 
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A. PRACTICAL GUIDE 

TO THE 

TESTING OF INSULATED WIRES 
AND CABLES. 



CHAPTER I. 

The Principles of Testing. 

The use of high-class insulated wires, both in the 
form of underground and overhead cables, and, indeed, 
for all classes of electrical work, has of late years increased 
to such an extent in this country that the necessity for 
careful and systematic testing has grown proportionately, 
and an opinion exists that a simple and practical descrip- 
tion of the methods and apparatus employed in making 
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FlO. 1. 

tests for insulation resistance, inductive capacity and con- 
ductor resistance, would probably be welcome to those 
who find it necessary to include such work in the catalogue 
of their daily duties. 
It is not a difficult matter for anyone who exercises a little 
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2 The Principles of Testing. 

ordinary care to make the usual tests referred to if the 
instruments are properly set up for him and nothing goes 
wrong; but it is not unusual to find a man take very kindly 
to working in this way and yet not have more than a very 
vague idea of what he is aotually doing, and why certain 
manipulations of the battery and keys give certain results, 
and certain other manipulations give quite distinct results. 
For this and other reasons, in preparing these articles I have 
decided to confine myself strictly to the most simple 
methods (which, be it stated, are those most generally 
used), and to describe them very fully, avoiding mathe- 
matics as far as possible. If, after following me through 
these first courses in the science of electrical testing, any 
budding expert has acquired an appetite for stronger meat 
and more of it (as I sincerely hope he will), let him turn to 
Kempe, where he will find it in abundance. 

A wire or cable to be used for telegraphic or telephonic 
purposes is submitted to three distinct tests, in order to de- 
termine its insulation or dielectric resistance, inductive or 
electrostatic capacity, and conductor resistance. The con- 
ditions of the wire are generally referred to as insulation, 
capacity and resistance, and the greatest of these three is 
insulation. 

When we test a wire for insulation or dielectric resist- 
ance, we simply measure the resistance offered by the in- 
sulating covering to the passage of a current of electricity 
from the conductor to the ground. This is done by charg- 
ing the wire from a powerful battery, the distant end of 
the wire being free, or disconnected, and the current being 
allowed to pass through a delicate galvanometer before en- 
tering the wire or cable. Now, it is clear that as the far 
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The Principlea of Testing, 8 

end of the wire is not connected to anything, the only 
escape for the cnrrent is across the insulation to ground. 
A certain amount of current escapes in this way, causing 
a deflection of the galvanometer needle. By comparing 
this deflection with that obtained by allowing the current 
to flow to ground through a known resistance we arrive at 
the resistance of the insulation. 

It stands to reason that the first operation is to obtain 
this standard deflection with which the deflection given by 
the cable is to be compared ; this is called " taking the con- 
stant of the galvanometer," and the deflection obtained is 
generally termed the constant. 

Fig. 1 shows diagrammatically the arrangement of in- 
struments for getting the constant. One pole of the bat- 
tery is connected to earth, and the other to one terminal 
of the galvanometer, the second terminal of which is 
joined to one side of the high resistance, the other side of 
the high resistance going to earth. 

Here we have a complete circuit through the galvanome- 
ter coils and high resistance, and the galvanometer needle 
is deflected over a certain number of divisions of the scale, 
and remains steady at that point as long as no variation 
takes place either in the strength of the battery or in the 
amount of resistance in circuit. In this way we know how 
much the galvanometer needle will be deflected when a 
certain resistance is offered to the current from the battery. 
The deflection is noted and constitutes the galvanometer 
constant. By comparing the deflection obtained from the 
cable with this deflection, the insulation resistance of the 
cable, in terms of the resistance used in taking the con- 
stant, is arrived at. In practice, as we shall see further on, 
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4 The Principles of Testing. 

the galvanometer is always shnnted when taking the con- 
stant, so that only a fractional part of the current shall 
pass through the galvanometer coils, but for the sake of 
clearness the shunt is not shown in the diagram. 
In Fig. 2 the cable is substituted for the high resistance 
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Fig. 2. 

shown in Fig. 1. The cable is charged up from one end 
by the battery, the far end being free, and the current 
passes to earth across the dielectric, much in the same way 
as it would through the coils of the high resistance. A 
slight leakage of current takes place along the whole 
length of the cable, and the longer the cable the more leak- 
age there will be. The passage of the current through 
the insulation to ground will be more readily understood 
if the dielectric be considered, as it really is, merely a 
conductor of very high resistance, one side being in close 
contact with the earth and the other side connected by 
the cable conductor, which, of course, makes perfect con- 
tact with the dielectric along its whole length. In this 
case the dielectric merely takes the place of the high re- 
sistance, the conductor of the cable being the connecting 
wire. It is plain, therefore, that the leakage will vary di- 
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The Principles of Testing. 6 

rectly as the length of the cable, which constitutes the 
cross-section of the conductor whose resistance we are 
measuring; the longer the cable, the greater the cross- 
section of the conductor and the lower its resistance; while, 
if the cable is short, the cross-section of this high resist- 
ance conductor will be correspondingly decreased, causing 
a proportionate increase of resistance. The length, of 
course, is always the same^ being merely the thickness of 
the dielectric. 

The simplest method of measuring the electrostatic 
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Fig. 8. 

capacity of an insulated wire or cable is by comparing the 
charge of electricity which it is capable of receiving, with 
the charge of a standard condenser of known capacity. A 
condenser is practically a Ley den jar in a small space, and 
consists of a number of plates of tinfoil alternated with 
plates of mica or paraffined paper. On connecting one 
pole of a battery to one set of the tinfoil sheets, the other 
pole of the battery and the other set of tinfoil sheets being 
connected together or to earth, the condenser is charged to 
its full capacity, the charge on one set of plates inducing 
another of opposite sign on the other set. This arrange- 
ment is shown diagrammatically in Fig. 3. 
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6 The Principlea of Testing, 

If now we connect the terminal of the condenser which 
was first connected to the battery, to earth through a gal- 
yanometer, as in Fig. 4, the charge is released, and a db- 
charge to earth takes place, producing a sudden throw of 
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the galvanometer needle. This deflection is noted. The 
discharge from the cable can now be obtained in the same 
manner. The cable itself is practically a condenser, the 
conducting wire being one plate, the outer sheathing the 
other, and the dielectric the separating medium. If, as in 
Fig. 6, we connect the battery to one end of the conductor, 
the far end being left free, the cable will be charged up in the 
same way as the condenser. After charging for a few 
seconds the battery is disconnected and the cable is allowed 
to discharge to earth through a galvanometer, as shown in 
Fig. 6. The deflection produced is noted, and dividing it 
by the deflection obtained by the discharge of the standard 
condenser, we arrive at the capacity of the cable in terms 
of the capacity of the standard condenser. 

In Fig. 7 is shown diagrammatically the method of 
measuring the resistance of a conductor, by means of the 
Wheatstone bridge. One pole of the battery is connected 
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The Principles of Testing, 7 

to the centre of * the bridge at a, the other pole being put 
to earth. The conductor is connected to one end of the 
bridge at c; and to the other end, at b^ is connected an 
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adjustable resistance; both the conductor and the adjust- 
able resistance being also connected to earth. Between b 
and c is placed the galvanometer. The current from the 
battery divides at a and goes to earth partly by way of 
A c and the cable, and partly by way of a b and the ad- 
justable resistance. It is obvious that if the branches 
between a and the earth are not of equal resistance, there 
will be a difference of potential between b and c, and, 
there being a connecting path between them by way of the 
galvanometer, a certain amount of current will pass from 
one point to the other, producing a deflection on the galva- 
nometer. 

By consulting the diagram, the aptness of the term, 
bridge or balance, is easily noticeable. Supposing the 
arm b a c to be the beam of a balance, and the galvanom- 
eter to be the pointer, it is obvious that the pointer will 
only be at zero when the objects attached to b and c are 
exactly equal, assuming the two arms to be of equal value. 



Digitized by VjOOQ iC 



8 The Principles of Testing. 

If a deflection is produced on the galvanometer it is a sign 
that there is a difference of potential between b and c. 
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Fig. 6. 

and that consequently the resistance connected to b is not 
equal to that connected to c. As the latter is the fixed 
resistance to be measured, the adjustable resistance must 
be altered until there is no deflection on the galvanometer. 
This shows that the battery current dividing at a flows in 
equal proportions towards b and c, producing equal poten- 
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Fig. 7. 

tials at those points; consequently, the resistances attached 
to b and c are now equal, and the resistance of the cable 
is ascertained by observing the amount of resistance in the 
adjustable coils. 
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CHAPTBB II. 

Galv anometers. 

Having seen just what is done in each test, let us now 
proceed to examine the actual instruments required for 
carrying them out and the methods of connectiog up the 
instruments in practice. 

GALV A NOMETEBS. 

The most important instrument in any testing outfit is 
the galvanometer, as it is by means of the indications of 
the galvanometer that comparisons are made between the 
wires or cables to be tested and the standard instruments, 
such as high resistances, condensers and resistance coils. 

The galvanometer usually employed for fine testing is 
that known a4 the Thomson reflecting galvanometer ; this 
instrument is made in a great number of different forms, 
of which it will be necessary for our purposes to describe 
only the two or three which are most used in general work. 

The usual form of astatic reflecting galvanometer is 
shown in Fig. 8, It consists of a hard rubber base mounted 
on three leveling screws and provided with either a cir- 
cular level or two short spirit-levels placed at right angles 
to each other, so that the instrument may be accurately 
leveled when set up. Mounted perpendicularly on the 
base are the four galvanometer coils, the two at the rear 
being fixed and the front two hinged, so that the astatic 
needle system can be removed if necessary. At the top of 
the brass frame to which the coils are attached is a hole 
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into which fits a small brass stud. From the lower part of 
this stud is suspended, by a single fibre of raw silk, the 




Fig. 8. — Astatic Galvanometer. 

astatic system of needles, consisting of two small pieces of 
steel, strongly magnetized, connected together by a fine 
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aluminum wire, the n pole of the lower needle being be- 
neath the s pole of the upper. By this arrangement the 
directive force of the earth's magnetism is minimized and 
greater sensitiveness obtained. 

To the upper needle is attached a small mirror by means 
of which a ray of light is reflected back to a graduated 
scale ; at right angles to the lower needle a small vane is 
fixed in order to check the swinging of the needles and 
bring them to rest quickly. The brass stud from which 
the needles are suspended can be lowered so that the vane 
rests on the coils ; all strain is then taken off the silk 
fibre and the instrument can be moved without risk of 
breaking the fibre, but it should never be carried about 
without taking this precaution. 

In raising the brass stud care should be taken to merely 
press it gently upward by squeezing the fingers in be- 
tween the head of the stud and the frame ; on no account 
twist the stud, as in this way torsion would be put into the 
fibre and trouble from unequal deflections on opposite sides 
of the scale would be the result. 

The coils are enclosed by a case of brass with plate glass 
front and back, or by a glass cylinder. 

To the top of the case is fitted a rod which supports a 
very weak permanent magnet by which the needles may 
be <lirected so as to bring the spot to any part of the scale ; 
by lowering or raising the magnet on the rod the sensi- 
tiveness of the needle may be diminished or increased. 
For fine adjustments the rod and magnet can be turned 
together by a tangent screw on the top of the case. 

For reading the deflections of this galvanometer a lamp 
and scale are provided, the light from the lamp being 
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foouftsed on the mirror of the galvanometer^ which reflects 
back a spot of light on the scale. The scale is usaally of 
cardboard and is ruled with 360 divisions on each side of 
the zero. The spot of light may be either a fine narrow 
streak covering about one division of the scale^ or a round 
spot with a black line across the centre, the line being 
produced by a fine wire stretched across the orifice 
behind the lens. For a cardboard scale the round spot 
with the black line is preferable, as the part of the scale 
on each side of the deflection is illuminated and readings 
can be made with greater comfort to the observer. Many 
prefer using a ground glass scale, which is ruled in the 
same manner as the cardboard scale. The lamp in this 
case is placed at the side of the scale and the beam of 
light is reflected to the galvanometer by means of a small 
mirror mounted on an arm having a universal joint. The 
observer stands behind the scale, instead of in front of it, 
and the <' spot " appears to him as a line of light on the 
dark ground glass. With this kind of scale a capital spot 
can be obtained by using as the source of light an incan- 
descent lamp with a very straight filament, and either get- 
ting the two legs of the filament in line, or, better still, so 
arranging the lamp that one leg of the filament only is re- 
flected by the mirror. In this way a sharply defined line 
of light is obtained and very close readings can be made. 

The advantages of the ground glass scale are that the 
spot can be seen plainly even though the testing room is 
very light, and, that as the observer has not to place him- 
self at one side of the scale but directly behind it, he is in 
a better position for manipulating the instruments and can 
allow himself more sea-room in setting them up. About 
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the only disadvantage is that it is necessary to follow the 
moyements of the spot pretty closely, as it is almost invisi- 
ble except from exactly behind the part of the scale to 
which it is deflected. 

In setting up the galvanometer, care should be taken to 
select a steady place. In cable factories a masonry pedes- 
tal with a solid foundation, and not joined to any other 
part of the building, is generally constructed for the pur- 
pose, and in this way the galvanometer is kept free from 
vibration or jarring. In many places, however, such facil- 
ities are not obtainable and it is often necessary to set up 
the instruments in a room on an upper story, and in 
a building where heavy machinery is working almost con- 
tinually. It then becomes necessary to resort to various 
devices to free the galvanometer from the effects of the 
vibration of the building. If the building is of very solid 
construction, a substantial shelf, firmly fixed to the wall, 
should provide a steady place ; if vibration is still felt, a 
sheet of rubber or some thick rubber rings should be placed 
on the shelf and above this a heavy slab of lead, the gal- 
vanometer being placed on top. 

The most sightly way of arranging this is to have a neat 
wooden case for containing the lead, which may be ran in 
melted or in the form of fine shot. If this plan does not 
answer, a tray of sand may be substituted for the rubber, 
the weight being placed on the sand. The last expedient 
of all is to suspend the galvanometer by means of springs. 

The usual plan is to place the galvanometer on a tray 
hung from a bracket by four coiled brass springs about 
three feet long. The tray is damped either by means of 
vanes working in air-tight boxes below, or by fixing 
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broflhes at the sides, the brashes just bearing against the 
edges of the tray. By this arrangement all vibration may 
be got rid of, but great care is needed in moving about not 
to touch the springs, or, in fact, any part of the hanging 
tray, as the least jar is sufficient to set the needle dancing 
for some minutes. 

When the galvanometer is set up it should be placed on 
a dry surface and the hard rubber base should be clean and 
dry ; if there is any likelihood of moisture being present in 
the air, small plates or cups of hard rubber should be put 
under the leveling screws in order that the instrument 
may be thoroughly insulated. When possible it is best to 
place the galvanometer facing west, the needles being north 
and south ; but it is often necessary to have it face east, 
according to the position of the room set apart for testing. 

A good astatic galvanometer will not be affected by 
magnetic disturbances if the disturbing influences are more 
than a very short distance away, but if magnets, or iron 
tools, etc., are being constantly moved about within ten 
or twenty feet of the galvanometer, some sort of magnetic 
shield will be required to prevent the oscillations of the 
needle which would otherwise result. The most effective 
magnetic shield is an old iron safe, a hole being cut in the door 
large enough to allow of the free transmission of the beam 
from the mirror when the needle is deflected to its fullest 
extent. A box of sheet iron will be found more manage- 
able than a safe and may be suspended from springs in the 
manner described above, thus getting rid both pf vibration 
and magnetic disturbance. 

The principal objection to the use of an iron shield com- 
pletely enclosing the galvanometer is the inconvenience in 
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altering the height or position of the directing magnet. 
The best combination of magnetic shield and hanging tray 
is to have the iron box supported on a shelf, and the gal- 
vanometer suspended by means of springs passing through 
holes in the top of the box. To obviate the difficulty re- 
ferred to above, of altering the position of the directing 
magnet without disturbing the galvanometer, the rod sup- 
porting the magnet is fixed to the under part of the top of 
the iron box, and the tangent screw is prolonged so that 
the milled head is outside the box. In this manner the 
magnet can be raised or lowered without touching the 
galvanometer, and the direction of the magnet can be 
altered by means of the screw without opening the box. 
Such an arrangement as this is a very efficient preventive 
both for magnetic and mechanical disturbances, and it has 
the advantage that the parts of the suspended spring con- 
trivance which would ordinarily be exposed to accidental 
jarring are rendered inaccessible by being enclosed in the 
iron box. 

The regular pattern astatic reflecting galvanometer is 
generally wound to about 8,000 or 10,000 ohms resistance, 
and sometimes even higher. The fine silk-covered wire is 
wound on four separate bobbins, as already described; the 
ends of the coils are led to eight terminals on the base 
plate, four in front and four in the rear, and, by varying the 
connections between these terminals, the combined resist- 
ance of the four coils may be varied. A diagram of these 
connections is always supplied by the manufacturer, but 
for general work it is rarely, if ever, necessary to use the 
coils in any other manner than all in series, so as to obtain 
the maximum resistance. 
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A YBBY oonvenient form of galvanometery illustrated in 
Fig. 9, is the tripod astatic This galvanometer is much 
less expensive than the square pattern, and also more 
adapted for carrying about, as it can be packed in less 
space, making it a very useful instrument where much out- 
side work has to be done. It has only two coils, which are 
generally wound to a resistance of about 5,000 ohms. The 
mirror with the upper needles is suspended in the centre of 
the coils, and the lower needles with the vane hang just 
below the coils; the terminals, of which there are two only, 
instead of eight, are placed at the rear of the case. This 
form of galvanometer is not so sensitive, of course, as the 
pattern first described, but if properly set up will give 
very good results, and is amply sufficient for all ordinary 
work, with the exception, perhaps, of testing very short 
lengths of heavily insulated cable. A little extra care is 
required in setting up the galvanometer, as it is not pro- 
vided with a spirit level; if no small level is at hand to 
assist the eye, the best plan is to watch the mirror while 
adjusting the leveling screws until it hangs exactly in the 
centre of the coils. 

Another form of reflecting galvanometer, much used for 
outdoor work and carrying about from place to place, is 
the portable dead-beat instrument, illustrated in Fig. 10. 
The dead-beat arrangement was invented by Sir Wm. 
Thomson, to do away with the inconvenience of waiting 
for the needle to cease oscillating before taking up a settled 
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Fia. 9. — Tripod Astatic Galvanometeu. 
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position on the scale. The mirror with the small needles 
at the back is suspended by a short fibre in a brass tube; 
the space in which the mirror hangs is transformed into a 
small air-tight chamber by two glasses, one set in the main 
part of the tube behind the mirror, and the other in a small 
cap which screws on in front. The air confined in this 




Fia. 10.— Portable Dead-Beat Replecthng Galvanometer 

Set. 

small chamber dampens the movements of the mirror, 
which, instead of oscillating back and forth for some time 
when current is turned on and oflF, turns steadily to a cer- 
tain angle, or back to zero, and stops dead. The small 
galvanometer is shown with its lamp and scale and com- 
bined high resistance and shunt, forming part of a com- 
pact portable set of instruments for outdoor testing. 

This form of galvanometer is by no means to be recom- 
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mended for general work; it is not sensitive, and the 
readings, under certain conditions, are not any too accurate. 
Magnetic disturbances affect it very considerably, even if 
the moving iron be some distance away from the gal- 
vanometer. To overcome this difficulty, which is present 
with a non-astatic instrument almost everywhere except in 
the open country, the magnetic shield, shown in Fig. 11, 
has been designed and has proved very useful. It consists 
simply of a hollow case of tin plate made in two sections 
BO as to enclose the galvanometer coil, and filled up with 
iron filings. This arrangement forms a very efficient 
screen for magnetic disturbances under most circumstances, 
although in some cases it has failed to keep the needle 
from being affected. 

SHUNTS. 

Thb most important accessory to a galvanometer is, of 
course, the shunt. This consists of a set of resistance coils 
placed in a suitable box or case provided with terminals 
by means of which it may be connected with the galva- 
nometer and the source of current. The coils form a path 
outside the galvanometer for the current, which will be 
divided between the shunt and the galvanometer coils in 
inverse proportion to their resistances. The use of a shunt 
is very necessary with a delicate galvanometer because its 
sensitiveness is so great that it will only measure directly 
very feeble currents ; consequently when the deflection to 
be produced is likely to be beyond the range of the scale 
only a fixed proportion of the current is allowed to pass 
through the galvanometer, and the deflection obtained is 
multiplied by the value of the shunt. 

The multiplying value of a shunt is equal to the sum of 
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the resistance of the galvanometer and that of the shunt, 

divided by the resistance of the shunt, thus — I^ — • 

JS 

For instance, if we have a galvanometer of 9,000 ohms 




Fia. 11.— Maqnetic Shield. 

resistance shunted by a coil of wire having a resistance of 
1,000 ohms, substituting these figures for G and S we 

have, — ? it — ! r= 10. The multiplying power 

of the shunt would therefore be 10, and all deflections 
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obtained on the galvanometer with this shunt in circuit 
would have to be multiplied by ten in comparing them 
with deflections obtained without any shunt in circuit. 
The shunt box generally contains three coils having, re- 




FiG. 12.— Shunt Box. 
spectively, ^th, ^th and ^f^th the resistance of the galva- 
nometer coils. The deflections obtained with the shunts must 
be multiplied by 10, 100 and 1,000, according to the coil 
used. Figs. 12 and 13 illustrate different forms of shunt 
boxes intended for use with Thomson galvanometers. 
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It is sometimes necessary or desirable to make up a 
shunt of some other multiplying value than ten, one hun- 
dred or one thousand, and this is an easy matter if a set of 
adjustable resistance coils is at hand and the resistance of 




Fia. 13.— Shunt Box. 

the galvanometer is known. The resistance of a shunt 
having a multiplying value n is expressed as follows, 

S = . Thus, if our galvanometer has a resistance 

n — 1 

of 8,000 ohms, and we wish to make a shunt having a 
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multiplying value of five, the resistance to be given the 

shunt would be M?!L = 2,000 ohms If we find the ^th 

shunt does not reduce our deflections sufficiently, and we 
desire to make a shunt having the multiplying value of 

6,000 instead of 1,000, then ^ — = 1.6 ohm, or, to 
' 5,000—1 ' ' 

be more accurate, 1.6003 ohm would be the resistance of 
the shunt required. 

The shunt should be placed close to the galvanometer so 
as to be as nearly as possible subject to the same tempera- 
ture, and should be connected to it by short thick leads in 
order not to place any additional resistance between the 
shunt and the galvanometer. 
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Keys. 

The keys in general use for cable testing are three in 
number ; first, the battery key ; second, the discharge key ; 
and third, the short circuit key. 




Fig. 14.— Rymer-Jones Reversing Key. 

The form of battery key illustrated in Fig. 14 is fai 
superior to that usually employed and shown in Fig. 15. 
The ordinary reversing key is both clumsy and inoon- 
venient« If the instruments are at all crowded, the cams 
are difficult to get at without touching the terminals of 
the key, and if a powerful battery is in use this may re- 
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suit in the reception of a smart shook. Other objections 
are, that nnless the workmanship is of the very best, the 
cams are apt to bind and work stiffly, and that the construc- 
tion of the key greatly favors the accumulation of dust. 
As the contacts depend only upon pressure, the efficiency 
of the key is soon impaired by the contact points becom- 
ing dusty and dirty, while their position renders cleaning 




FiQ. 15.— Battery Reversing Key— Old Form. 

a matter of considerable difficulty unless the key is taken 
apart. 

The battery key illustrated in Fig. 14, known as the 
Rymer-Jones key, consists of two brass levers pivoted on 
hard rubber pillars and provided with hard rubber 
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handles, by which they can be moved in one direction or 
the 01 her. These levers make contact at either end with 
little platinum springs fixed to the ends of crescent-shaped 
brass plates also moanted on hard rubber pillars. To the 
under surlace of both ends of the levers are fixed plati- 
num contact plates. The hard rubber handle of the left 



i 




Fig. 16.— The Kempe Discharge Key. 

hand lever is provided with a projecting lug of the same 
material, so that one movement suffices to throw over both 
the levers. The two poles of the battery are connected 
to the terminal screws of the crescentshaped plates, and 
to the terminal screws on the pivots of the levers are con- 
nected line and earth. A simple movement of the hard 
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rubber handles puts either pole of the battery to line, 
and if the handles are separated, so that the levers are 
free of the front plate and both in contact with the back 
plate, the battery is insulated and the line is put to earth 
through part of each lever and the rear plate. 

The advantages of this key are its great simplicity — as 
even with the roughest treatment it would be difficult to 
get it out of order — and its good insulation and freedom 
from accumulation of dust. The contacts being made by 
two rubbing surfaces they are kept clean automatically by 
the friction from constant use. The handles are well 
above the terminals and contact plates, so that there is no 
risk of touching any of the metal parts when manipulat- 
ing the key. 

The discharge key is used, as its name implies, for dis- 
charging a condenser or cable. It has three connections, 
one for the condenser or cable, one for the battery, and one 
for the galvanometer through which the discharge current 
is allowed to flow in order to obtain a deflection. The 
necessary parts of the key, therefore, are a hinged lever 
to which the cable or condenser is connected, a lower con- 
tact connected to the battery upon which the lever is 
pressed to charge, and an upper contact connected to the 
galvanometer, against which the lever flies when released. 
A trigger to engage T^^ith the end of the lever and hold it 
down against the lower contact for charging, or mid- 
way between the two contacts when it is desirable to in- 
sulate the charged cable or condenser, completes the key. 

These necessary parts have been made up in various dif- 
ferent patterns, among which the best and most useful are 
the Kempe discharge key. Fig. 16, and the Webb key, 
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Fig. 17. In the former, a stout lever of brass, hinged at 
one end, plays between an upper and a lower contact ; the 
free end of the lever, when pressed on the lower contact, 
is held by two triggers pivoted in front of the lever and 
actuated by ebonite knobs. One of these knobs is marked 
"Discharge" and the other "Insulate." If the knob 
marked "Insulate" is depressed, the lever is released from 
the lower coutact, but is caught by one of the triggers 
before it reaches the upper contact ; the knob marked 
" Discharge," when pressed, allows the lever to fly all the 
way up, whether it is in the insulated position or pressed 
down against the lower contact. This arrangement is 
effected by means of an engagement between the two 
triggers which causes both to be withdrawn when the 
" Discharge " knob is pressed, while only one is withdrawn 
when that marked ** Insulate" is pressed. The pivot of 
the lever and the two contact plates are mounted on hard 
rubber pillars. 

The Webb key is of simpler construction but not qaite 
so automatic in its movements, although the insulation is 
better and there is no risk of confusion, there being only 
one trigger. It consists of a long brass lever pivoted at 
one end and pressed upward against a contact by a stiff 
spring. Immediately in front of the free end of the lever 
is a hard rubber trigger, pivoted to the base of the key^ 
carrying a projecting strip of brass, which holds the lever 
down when it is pressed against the lower contact. The 
end of the lever has a step cut in it, so that if the trigger 
is pulled outward slightly, the lever is released from the 
lower contact, but is held before reaching the upper con- 
tact by the projecting brass strip catching the step ; the 
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lever ig then insulated. On pulling the trigger out a little 
further the lever is wholly released and brings up against 
the upper contact, effecting the discharge. Of course, if 
the trigger is pulled out sharply at first, the lever flies at 
once from the lower contact to the upper, making the dis- 
charge instantaneously. 




Fig. 17.— The Webb Discharge Key. 

The reason for these attachments for insulating the lever 
is to enable a discharge taken after the cable has been 
charged, and then insulated for a certain time, to be com- 
pared with the instantaneous discharge. For instance, if 
a cable is charged for fifteen seconds and then discharged 
instantaneously, a certain deflection will be obtained ; but 
if it be charged for fifteen seconds, then insulated for one 
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minute^ and then discharged^ the deflection will be less 
than that obtained with the instantaneous discharge, be- 
cause a slight discharge has been taking place daring the 
minute through the dielectric to earth. In the case of a 
good submarine cable submerged in deep water, this differ- 
ence will be very slight — about three per cent. — but in a 
cable having a low insulation there would be a much 
greater difference. 




I 



Fig. 18.— Short Circuit Key. 

A form of short circuit key is shown in Fig. 18. As its 
name implies, the function of this key is to short circuit 
the galvanometer ; being bridged across the galvanometer 
circuit, when the key is closed, a direct path for the cur- 
rent is provided by the lever of the key and no current 
passes through the galvanometer; when the key is opened 
the galvanometer is thrown in circuit and the current 
passes through it. By the use of this key the galvanometer 
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is protected from being violently deflected by the first rush 
of charge when current is turned on, and when a balance 
is being obtained in a resistance test with the dial bridge. 
The form of key shown consists of a brass lever, hinged 
at one end, and playing in a brass bridge, having a metal- 
lic contact above and a stop of insulating material below. 
On the hard rubber pillar which supports the lever, and 
on the bridge, are placed double binding-posts to which the 




Fig. 19.— Double Plug Reverser. 

wires are attached. In its normal position the lever is 
pressed by a stiff spring against the upper contact, and 
forms a direct connection between the binding posts ; by 
pressing it down the contact is broken, thereby removing 
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the short circuit. A trigger attachment, mounted opposite 
the end of the lever, holds the key in the open position as 
long as may be desired. 

A better form of this key than the one shown, is that in 
which, instead of the pivoted lever, a strip of springy 
brass is used, being held rigidly at the end fixed to the 
hard rubber pillar. With this kind of key there is no 
risk of imperfect contact through weakening of the spring, 
a very annoying defect to which the other is liable. 

Besides these keys, which are indispensable, a very use- 
ful instrument on the testing table is a galvanometer re- 
verser. It is often convenient to have all the deflections 
on the same side of the scale, and to effect this, when the 
battery is reversed, it is necessary to change the direction 
in which the current enters the galvanometer. To do this, 
any form of battery reversing key, such as those shown in 
Figs. 14 and 16, may be employed, but preference should 
be given to the double-plug switch shown in Fig. 19. 

This consists of a circular plate of brass, divided into 
four quadrants, which are mounted on hard rubber pillars, 
rising from a base of the same material Each quadrant 
is provided with a double binding-post for attaching wires, 
and two brass plugs, with insulating handles, serve for 
connecting the quadrants in pairs. This switch is con- 
nected in the galvanometer circuit, and the direction in 
which the current enters the galvanometer may be changed 
by simply altering the plugs. The plugs should have long 
stems, so that the hard rubber handles or tips may project 
clear above the binding-posts, giving greater convenience 
in handling than the short plugs used for resistance boxes 
and bridges. 
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Ik a complete outfit of testing instruments a high resist- 
ance for taking the constant of the galvanometer and a 
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Fig. 20.— High Resistance Box. 



Wheatstone bridge for measuring resistances are absolutely 
necessary, and a box containing a number of coils having 
different resistances is a very useful addition. 
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The high resistance box generally contains four coils, of 
10,000, 20,000, 30,000 and 40,000 ohms resistance, making 
100,000 ohms resistance in all. This instrument is illus- 
trated in Fig. 20. The ends of the coils are brought to 
brass blocks on the top of the box, these blocks being pro- 
vided with double binding posts and connecting plugs, so 
that the coils may be connected in any combination desired, 




Fig. 21. — Wheatstone *'Dial" Bridge. 

although the most general manner of using the coils is al] 
in series, giving the full resistance of 100,000 ohms. 

High resistances are also made up containing ten coils of 
100,000 ohms each, giving a total of one megohm. A 
megohm resistance enables the galvanometer constant to 
be taken with greater accuracy and allows of the galva- 
nometer being adjusted to its maximum sensitiveness ; but 
such a high resistance is very expensive, costing about seven 
times as much as a 100,000 ohm box. A firm of electrical 
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instrument makers in England have lately brought out a 
high resistance box, containing a mixture of glass and 
metal, instead of wire ; these instruments have to be cali- 
brated after they are made, as it is impossible to give the 
mixture any fixed resistance. They generally have a re- 
sistance of several megohms, but rarely come out in round 
numbers, running, instead, to at least two decimal places. 
This is somewhat inconvenient in multiplying, but as 
an offset the instruments are very cheap, the price being 
about one-half that of a 100,000 ohm box. Given this 
advantage, and if the resistance remains reasonably con- 
stant with time and temperature, this form of high resist- 
ance box will no doubt find many users. I understand 
that it has already been adopted by several of the subma- 
rine cable companies. 

The Wheatstone bridge is made up in a variety of forms, 
of which the most convenient are those known as the dial 
and the Post-office patterns. Both these styles have their 
advantages, the former being very easy to read and involv- 
ing the handling of few plug*^, while the latter is more 
compact and complete in itself, as the battery and gal- 
vanometer keys are permanently connected to the coils and 
form part of the instrument. Dial bridges are now being 
manufactured, however, with this convenience, the keys 
being placed in front of the dials similarly to the arrange- 
ment of the Post-office bridge. 

The function of the Wheatstone bridge in the measure- 
ment of resistances has already been explained and will be 
further treated of when we come to actual testing instruc- 
tions, so that it will be sufficient here to describe the con- 
nections and plan of the instruments themselves. The 
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dial form is illustrated in Fig. 21. The coils are arranged 
in sets of thousands, hundreds, tens and units ; sometimes 
a fifth set of tenths of an ohm being added. The ends of 
the coils are brought to the brass segment blocks arranged 
around a circular plate of brass. 

Starting from one end of the proportional coils, connec- 
tion is made to the zero segment of the end set of blocks ; 
the resistance coils are placed between the segment blocks, 
one between and 1, one betweeen 1 and 2, and so on, and 
the circular plate of each dial is connected to the zero 
segment block of the next, and so on throughout. Thus 
the number of the segment block connected by the plug to 
the circular plate represents the number of resistance coils 
in circuit, whether they be units, tens, hundreds, pr thou- 
sands. The proportional coils terminate in brass blocks 
placed at one side of the adjustable resistance coils. These 
proportional coils form the two arms of the bridge or 
balance, and by altering their relation to each other the 
adjustable coils may be adapted to measure either very 
high, or very low, resistances. In the dial bridge the two 
sets of proportional coils usually consist of 10, 100, 1,000 
and 10,000 ohms resistance. The battery current splits at 
the centre of the proportional coils, one part going through 
one set to the adjustable resistance coils, the other part 
going through the opposite set to the unknown resistance 
to be measured. 

If the resistance unplugged in the proportional coils is 
the same on both sides, the readings obtained by the ad- 
justable coils will be the actual value of the resistance 
which is being measured. If the resistance to be measured 
is very small we can obtain its resistance to three decimal 
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places by unplugging the 10,000 ohm coil in the arm 
nearest the adjustable coils and the 10 ohm coil in the arm 
to which the unknown resistance is connected. Then, as 
h (the resistance between battery and coils) is 1,000 times 
greater than a (the resistance between battery and unknown 
resistance), so d (the resistance in coils) is 1,000 times greater 
than X (the unknown resistance), and the reading obtained 
must be divided by 1,000 to find the true value of x. 

In the same way, if the resistance of x is known to be 
much greater than the maximum value we can give to d 
while a and h are equal, then, by making a greater than 5, 
the reverse is the case, and the readings must be multiplied 
by the ratio of a to ^ in order to find the value of x. 
With proportional coils of 10, 100, 1,000 and 10,000 ohms, 
Zherefore, the bridge has a very wide range, being capa- 
ble of measuring from .001 of an ohm to 10 megohms. It 
must be borne in mind that some resistance must always be 
unplugged in the proportional coils, as otherwise the gal- 
vanometer, which is connected to their extremes, would be 
short-circuited. 
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The Post-office form of bridge, illustrated in Fig. 22, is 
smaller and more compact than the dial pattern and is 
therefore more saitable for out-door and portable work 
than for laboratory use. Its range is more limited, as the 
proportional coils only contain three different resistances, 
10, 100 and 1,000 ohms, instead of four ; it can, therefore, 
only measure from .0 1 of an ohm to 1 megohm. 

The adjustable coils are sixteen in number, their values 
being 4, 3, 2, and 1 in thousands, hundreds, tens and 
units, giving any combination up to 9,999 ohms. The coils 
are thrown in circuit by taking out plugs instead of put- 
ting them in, as in the dial bridge, and the resistance meas- 
ured is ascertained by adding up the values of the various 
coils unplugged, which is not quite such a simple opera- 
tion as reading off a figure from each of four dials. The 
two small keys fixed in front of the coils serve, the one on 
the right, for putting on the battery, and that on the left, 
for throwing the galvanometer in circuit. The right hand 
key is generally held down and the left tapped from time 
to time as the plugs are manipulated ; in this way sudden 
throws of the galvanometer are avoided, the left hand key 
not being kept down for any length of time until an even 
balance is nearly obtained. A small clamp for holding the 
battery key down permanently would be a useful addition 
to a Post-office bridge, as the two hands of the observer 
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would then be free for manipalating the plugs and the 
galvanometer key. 




Fig. 22.— Wheatstone Bridge, Post Office Form. 
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The small astatic detector galvanometer, illastrated in 
Fig. 23, is an excellent little instrument for work-shop or 
factory use with a Post-office bridge. Its small size renders 
it available for portable work and it can be set up quickly 




Fia. 23.— Small Astatic Galvanometer. 

and in places where a reflecting galvanometer would be out 
of the question, while it is sufficiently sensitive for ordinary 
resistance measurements. 

A box containing adjustable resistance coils from 1 to 
1,000 ohms is a useful adjunct to a set of testing instru- 
ments. As an instance of its usefulness, reference is only 
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needed to the labor of working out the multiplying value 
of shunts of different resistances, whenever a shunt is 
required of a different value to any of the three unadjusta- 
ble coils supplied with the galvanometer. Of course the 
resistance of a galvanometer varies considerably with the 
temperature, and a table of shunt resistances and multiply- 
ing values would be incorrect except at the temperature at 
which the resistance of the galvanometer was exactly that 
used in calculating the table. By connecting an adjustable 
resistance in circuit with the galvanometer the variation in 
resistance due to temperature may be made up and the 
resistance of the galvanometer kept always practically the 
same. In this way a table of shunts can be made out, 
giving the multiplying value for various resistances, using 

the formula given before, — ^ — . This arrangement, facil- 
itating the use of shunts of various values, will be found 
very useful in factories where numbers of cables SLn^^res 
have to be tested daily ; the chief advantage being that 
the galvanometer can be shunted so as to give any desired 
deflection, large deflections, of course, being read with 
greater ease and accuracy than very small ones. 
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CHAPTER VII. 

Condensers. 

Thb simplest method of measuring the electrostatic 
capacity of a wire or cable, is, as has already been stated, 
by comparing the charge or discharge with the charge or 
discharge of a standard condenser. A condenser is simply 
a Leyden jar arranged so as to occupy the smallest possible 
space; the condensers used in telegraphy and telephony 
consist of leaves of tin foil separated by leaves of paraffined 
paper. In making condensers for standards for testing 
purposes a finer degree of adjustment is necessary, and 
plates of mica are generally used for the insulating medium, 
^ ins^^ of paraffined paper. 

ll^Rie Leyden jar one surface of tin foil is connected to 
ground and the other to the source of electricity by means 
of which it is charged, the glass bottle serving as the sepa- 
rating medium or dielectric. In order to obtain a large 
charging surface the alternate plates of tin foil in a con- 
denser are connected together, thus forming two large 
plates made up of a number of small ones, much as a num- 
ber of cells of battery connected in parallel practically 
form one cell having very large plates. Each sert of plates 
is connected to a brass block on the top of the case ; when 
the condenser is in use one of these blocks is connected to 
earth and the other to the charging key. 

The unit of capacity is the "farad." A condenser 
which would hold a charge of one coulomb at a difference 
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of potential between the plates of one volt would have a 
capacity of one farad. Such a condenser would be of 
enormous size, and the farad is such an inconveniently large 
unit that it has been necessary to divide it by one million 
to arrive at a unit of reasonable proportions ; consequently 
measurements of capacity are always expressed fn micro- 
farads or fractions thereof. Standard condensers were first 
made for submarine cable testing, and as the capacity of a 
submarine cable is about one-third of a microfarad per 
mile the standards were always made of that capacity for 
convenience in comparison. 

For general work, however, a non-adjustable condenser 
is not at all a convenient instrument to deal with, as it is 
highly necessary to be able to vary the capacity of the 
condenser, using one- tenth, or one-fifth, or some other 
fraction of a microfarad, instead of always one -third. 
Until lately adjustable condensers have had one serious 
defect, namely, that the different sections could OBJr be f 
connected in parallel, instead of being arranged so asic^ be 
connected both in parallel and in series. Standard con- 
densers are now made, however, so arranged that the vari- 
ous sections may be connected either in multiple or in 
series, or the sections may be used as separate condensers 
if desired. 

To appreciate the advantage of having a condenser 
arranged in this manner it is necessary to discuss briefly 
the laws governing the joint capacity of condensers con- 
nected in parallel and in series. These laws run on parallel 
lines to those referring to the joint resistance of divided 
circuits, but with condensers exactly opposite results are 
obtained, as by connecting them in parallel the capacity is 
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increased, and by connecting them in series the capacity is 
diminished; with resistances the effect is reversed. Connect- 
ing in series increases the resistance and connecting in 
parallel or in " multiple arc " diminishes it. 

If we have a number of condensers joined in parallel the 
joint ca^city will be equal to the sum of their respective 
capacities. When we connect them in series a very dif- 
ferent result is obtained ; their joint capacity is then only a 
fraction of the (Rapacity of a single condenser. When con- 
densers are joined in series their joint capacity is deter- 
mined by the same law that governs the joint resistance of 
parallel circuits. The joint resistance of two wires joined 
in parallel circuit is equal to their product divided by their 

sum, thus: * — ? — ohms, 

and the joint capacity of two condensers joined in series is 
. expr^ed in the same manner : 

' microfarads. 



I', + F, 
If we have three condensers in series the joint capacity 



F J^ F 

is 



F^ F, + ^, F, + K K 

The joint capacity of any number of condensers con- 
nected in series may be arrived at in the same manner, or 
in simpler form it may be written thus : 

1_J 

A . 1 . 1 . 1 J*^ 
, eta 



F^ ^ F,^ F, ^F^ 
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Putting this expression into words, it is evident that the 
joint capacity of a number of condensers joined in series is 
equal to the reciprocal of the sum of the reciprocals of their 
respective capacities. 

Thus if we have a condenser having ten sections of a 
capacity of one-tenth of a microfarad each, the joint capac- 
ity of the ten sections connected in parallel will be one 
microfarad, and if one side of each sectioi^ is permanently 
connected to the earth block the range of the condenser 
will be confined between one-tenth and one microfarad. If, 
however, the plates of each section are connected to insu- 
lated blocks so that the sections may be disconnected from 
the earth block and connected together in series,' then the 
range of the condenser will be greatly increased as far as 
small fractions of a microfarad are concerned. If we con- 
nect the whole ten sections in series, the rule of " the re- 
ciprocal of the sum of the reciprocals " shows that the joint 
capacity will be .01 microfarad ; therefore a condenser ar- 
ranged in this manner has a range of capacities from .01 to 
1 microfarad. 

In comparing small capacities, such as those of over- 
head lines or short lengths of underground cable, it is a 
great convenience to be able to adjust the standard con- 
denser to give about the same deflection as the wire or 
cable to be measured, and the accuracy of the test is also 
greater than if widely different deflections are obtained. 
The convenience, therefore, of employing an adjustable 
condenser, the sections of which can be connected either in 
parallel or in series, is obvious. 

Fig. 24 illustrates a condenser having a total capacity of 
4 microfarads and a range of capacities from .00985 
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microfarad up to the limit. This condenser has twelve 
sections ; one of 2 microfarads, one of 1 microfarad, and 
ten of one- tenth each. The alternate plates of each sec- 
tion are connected to small brass blocks, insulated from the 
long strips running the full length of the condenser ; the 
plugs are provided with small binding screws, and for con- 
necting the sections in series they are inserted in the holes 




Fig. 24.— Condenser Fob Testing. 

in the blocks and connected diagonally with short pieces of 
wire, the two end blocks of the series being plugged to 
the long strips so as to make connection with the discharge 
key and earth. 

In Fig. 26 an improved form of the multiple series adjusta- 
ble condenser is shown. The blocks are arranged so as to 
overlap each other, and the different sections can be joined 
in series by means of the plugs alone without the use of 
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connecting wires. The plugs are fitted with binding screws 
so that the different sections can be used as separate con- 
densers if desired, each section being rendered independ- 
ent of the others by connecting wires to the plugs and in- 




FiG. 25.— Improved Multiple Series Adjustable Condenser. 

serting them in the blocks. This instrument is the ne plus 
ultra of adjustable standard condensers ; the style illus- 
trated is divided into ^\e sections of one-tenth each, and 
has a range of capacities from .02 microfarad to .5 micro- 
farad« 
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When not in use, standard condensers should always be 
short-circuited by inserting the plugs between the brass 
blocks to which the plates are connected ; in this manner 
any residual charge is neutralized. 
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CHAPTER VIII. 

Testing batteries and Accessories, 

The battery is a very important item in the testing out- 
fit. For a test on an insulated wire to mean anything, it 
must be made with a high e. m. f., and not less than 100 
volts should always be employed, at any rate for testing 
wires insulated with rubber, gutta-percha or any of the 
rubber compounds. The testing battery must be constant, 
and should have a fairly low internal resistance, and a type 
of cell should be used which requires the least attention, 
because as one or two hundred cells must be employed, the 
labor of maintenance and inspection is of course very con- 
siderable. In cable factories it is customary to use a battery 
of from 200 to 600 cells for insulation tests. 

A set of accumulators form an ideal battery for testing, 
but a large number of secondary cells is seldom available. 
The next best is some form of Daniell, either the original 
Daniell or the Minotto, but not the ordinary gravity bat- 
teries, as the solutions in these cells diffuse quickly unless 
the battery is doing constant work. In many cases 
Leclanch6 cells are used for testing batteries and answer 
very well, as they require very little attention. 

The battery most frequently used for testing work in 
this country is the chloride of silver cell, made up in sets 
of 60 or 100. This battery has great advantages over all 
others in point of compactness and portability, and the 
ease with which any number of cells may be connected. 
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The chloride of silver cells require very careful handling 
to keep them in good order, as, if the battery is worked on 
a low resistance, or short-circuited, several damaged cells 
will probably be the result. As portable testing sets do 
not always receive the most careful handling, these bat- 
teries frequently need the attention of the manufacturers 
to keep them up to the mark. The cells have a pretty high 




Fia. 26.— CHLORroE op Silver Battery— 100 Cells. 

internal resistance to start with, and this increases with 
time, mounting up sometimes to an alarming figure. 

The small commutator usually provided with the porta- 
ble testing batteries should never be used. It is a most 
unsatisfactory and vexatious instrument, always working 
loose and making bad contact ; or, if screwed up tight, 
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metal dust is ground off the points and distributed over the 
plate so as to partially short-circuit the battery. It is 
somewhat surprising that the manufacturers of the bat- 
teries should still cling to this very inefficient style of 
reverser. 

In Fig. 26 is illustrated a 100 cell chloride of silver bat- 
tery. The fixed commutator is discarded and the connect- 
ing cords are provided with forked tips by means of which 
they can be connected to a battery reversing key of proper 




Fig. 27.— Insulated Double Binding Posts. 

design (such as that shown in Fig. 1 4) . The cover of the case 
is made entirely removable instead of being hinged, this 
arrangement being more convenient for work in a per- 
manently fitted up testing room. 

The testing battery should be placed in a well protected 
situation so that it may be kept free from dust and dirt, 
and above all the entire battery bhould be thoroughly well 
insulated, as a badly insulated battery will disorganize the 
work and render the tests valueless. If Daniell or 
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Leclanch^ cells are used they should be placed on wooden 
stands raised from the floor or shelving by means of hard 
rubber feet about four inches long ; the cells should be 
well separated from each other and the glass jars should be 
kept dry and clean ; they should be inspected frequently 
and any incipient signs of '^ creeping " should be attended 
to at once. It is of great importance in testing that the 
battery shall be perfectly constant ; any slight defect in 
the battery will affect its constancy and neutralize the 
value of the tests. Therefore, too great care cannot be 
taken in avoiding the appearance of any sach trouble, or 
in remedying it after the slightest indication of its existence. 

In a testing battery the cells are of course always con- 
nected all in series, as for insulation tests the full e. m. f. 
is generally required. In measuring conductor resistance 
and electrostatic capacity it is only necessary to use from 
five to ten cells. With the chloride of silver battery it is 
a very easy matter to connect any desired number of cells 
to the battery reverser, as one pole of each cell terminates 
in a small nipple on which the plugs of the connecting 
cords fit tightly, and in order to vary the number of cells 
the only operation necessary is to alter the position of one 
of the plugs. With a battery composed of 100 Leclanch6 
cells permanently connected in series, the question of chang- 
ing the battery power quickly is not so simple, involving 
the connection of wires, which is rendered additionally 
troublesome when the battery, as is generally the case, is 
placed in a more or less inaccessible position. 

The best plan of getting round this difficulty is to pro- 
vide a number of insulated binding posts on the testing 
table to which wires from the battery may be permanently 
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connected ; it is then an easy matter to join up the battery 
key with the namber of cells required for any particular 
test. 

Let us assume that we have a battery of 100 cells. To 
the testing table, or to the wall at the side, or in any posi- 
tion that may be most convenient and accessible, is screwed 
a set of double binding posts mounted on hard rubber pil- 
lars and base. To the binding post number one a wire is 
run from the zinc pole of the battery and the copper pole 
is connected to post number six; to the intermediate 
posts wires should be run from the copper poles of the first, 
fifth, tenth and twentieth cells. One terminal of the bat- 
tery reversing key being connected to the zinc binding 
post, it is an easy matter to connect the other terminal of 
the key so as to obtain battery power of one, five, ten, 
twenty, or the full number of cells, by simply changing 
one wire. These combinations of cells are all that will be 
required for general testing, and the connections from the 
battery to the pillar binding posts once made, the battery 
need never be touched except for inspection or removal of 
defective cells. 

A set of insulated double binding posts suitable for 
making the battery connections described above is sho^n 
in Fig. 27. 

The testing room is generally some distance from the 
terminals of the cables to be tested, or, in a factory, from 
the tanks in which the wires and cables are submerged. 

This separation, however inconvenient, is necessary in 
order to secure quietness and freedom from magnetic and 
mechanical disturbances likely to affect the steadiness of 
the galvanometer. 
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In order to make connection with the cables to be tested, 
a namber of permanent leads, which should be of the best 
possible description, heavily insulated and well protected 
from mechanical injury, are run from the testing room to 
the terminal room or cable-tanks. It is best to terminate 
these leads at the testing table on a set of the insulated 
double binding posts described above ; the ends of the 
leads are then protected from damage and the insulation 
afforded is excellent ; the pillars can be numbered to avoid 
confusion and any lead can be connected with the testing 
instruments by simply joining a short piece of wire from 
the key to the binding post on which the lead required 
terminates. 

Another very useful accessory on a testing table is illus- 
trated in Fig. 28. It consists simply of a brass plate carry- 




Fia. 28.— Binding Posts for Earth Connection. 

ing a number of binding posts and serves for connecting 
the various instruments to earth. Connection with earth is 
required in several tests and the brass earth plate makes a 
very neat job of the connections, which, if made by simply 
twisting the wires together, would present anything but a 
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sightly appearance, to say nothing of. the risk of poor con- 
tacts. The end terminal of the plate is connected to a 
good earth by means of a substantial lead, and when 
it is necessary to put any of the keys or instruments to 
earth, the only operation requisite is to run a wire to one 
of the spare binding- posts of the plate. 

An improvement I would suggest on this plate is that it 
be made in two parts, one part carrying the terminal to 
which the earth wire is connected and the other the remain- 
ing terminals for the instrument connections. The two 
sections of the plate could be connected or disconnected by 
the insertion or removal of a plug. It is sometimes neces- 
sary, as when testing two wires, looped at the distant end, 
for conductor resistance, to remove the earth connection, 
and the simplest method of doing this is by taking out a 
plug. If the wire is taken off the binding post it is apt to 
be overlooked afterwards and cause trouble, but the absence 
^ of a plug from its proper place is more noticeable. 
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Practical Testing, 

The reader has now been introduced to the various in- 
struments used for cable testing, and next in order are a 
few definite directions touching on the manner of using 
them so as to obtain useful results. What may be called 
the theory of the different tests, and the action that goes 
on during their application, have already been explained 
and illustrated diagrammatically in Figs. 1, 2, 3, 4, 5, 6 
and 7. The diagrams that follow show the actual con- 
nections of the instruments for making the different tests, 
and a comparison of the two sets of diagrams should give 
a very clear idea of the subject of practical testing. 

In the earlier diagrams, some of the keys and connec- 
tions were omitted in order that the path of the current 
and its action might be made as clear and intelligible as 
possible, and the appearance of each pair of diagrams 
will therefore differ materially ; but nevertheless no diffi- 
culty should be found in understanding the relations 
between them, and it has been my endeavor throughout to 
make explanations and descriptions, even at the risk of 
prolixity, so detailed and full that even those who have 
never seen a set of testing instruments (if such there be), 
might be able to derive a clear idea of how the work is 
done and what goes on during each test. 
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THE GALYANOMETEB CONSTANT. 

Before testing a wire for insulation it is necessary to take 
the constant of the galvanometer in order to obtain a value 
with which to compare the deflection given by the wire or 
cable. The connections for taking the galvanometer con- 
stant are shown in Fig. 29. 
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Fia. 29.— Connections for Taking Galvanometer Constant. 

A high resistance of 100,000 ohms, or one megohm, is 
placed in circuit with the battery and galvanometer, which 
is shunted with the ^f^ th or ^ th shunt, and the deflection 
obtained by a steady application of the current is the con- 
stant of the galvanometer. The battery power should be 
the same as that used for testing the cable ; or, if the gal- 
vanometer is so sensitive that, with the full battery, too 
large a deflection is obtained, half the number of cells may 
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be used and the resulting deflection doubled. A better 
plan, however, is either to use a very high resistance or 
to shunt the galvanometer with a low resistance so that the 
full number of cells will give a readable deflection. 

Tracing the connections in the diagram we see that one 
side of the battery key is connected to one terminal of the 
short circuit key, the other side of the battery key being 
connected to one terminal of the high resistance. The 
opposite side of the short circuit key is connected to the 
high resistance. The wires from the shunt are taken 
one to each terminal of the short circuit key. When 
the current is turned on the circuit is established through 
the lever of the short circuit key and the high resistance. 
On depressing the lever of the short circuit key the gal- 
vanometer is thrown in circuit and the deflection is obtained. 
By tapping the short circuit key a few times the needle will 
be moved gradually along the scale instead of swinging far 
beyond the mark and oscillating for some time ; with a 
little practice the short circuit key may be so manipulated 
that very little time is lost in bringing the needle to rest, 
either at the figure of the deflection or back to zero before 
turning off the carrent. The deflection should be the same 
with both poles of the battery ; if there is any appreciable 
difference the suspension is probably slightly twisted or the 
battery is inconstant, probably owing to bad insulation. 

Assuming that the constant is taken with a battery of l6o 
cells', a high resistance of 100,000 ohms and a shunt in the 
galvanometer circuit of ^J~y th, and a deflection on the 
scale of 300 divisions is obtained, this result should be 
written down as follows : 

Galvanometer Constant : 100 cells, 100,000 ohms, S ^J^j 
def. 300=30,000. 
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The last figure, thirty-thousand, is the deflection that 100 
cells would give through one megohm with no shunt in the 
galvanometer ; or, in other words, 100 cells would give a 
deflection of one division on tlie scale through a resistance 
of 30,000 megohms. 

To obtain the grand constant the deflection observed is 
multiplied by the power of the shunt used and by the 
resistance in circuit. In the case imagined the multiplying 
power of the shunt is 1,000 and the resistance ^^th of a 
megohm; consequently the grand constant is 300 X 1000 X 
^Y = 30,000. 

In noting down the galvanometer constant on a test 
sheet it is best to give all the details of number of cells, 
shunt and resistance employed^ and the deflection obtained, 
in the form given above. If necessity should arise at any 
subsequent date for examining the report no doubt can then . 
arise as to whether the same battery was employed through- 
out the test, or whether the constant was correctly calcu- 
lated ; and if all the data are properly noted down the test 
can be worked out again should there be any doubt as to 
the results ; whereas, if these details are omitted there is 
no check on the correctness of the working or on the accur- 
acy of the results given. 
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Test for Insulation, 

The connections for the insulation test are shown in Fig. 
30. It will be seen that almost the only difference between 
this and the preceding diagram is that the cable takes the 
place of the high resistance. In taking the galvanometer con- 
stant, however, it makes no difference whether one side of 
the battery key and high resistance are put to earth or con- 
nected directly together,* but in making the test for insula- 
tion one side of the battery must, of course, be put to earth, 
as it is the dielectric of the cable that really takes the place 
of the high resistance and the dielectric is in contact 
with the earth in the natural course of events. 

Before the cable is connected to the lead the instruments 
and lead should be tested for leakage by turning on the 
the full battery power and opening the short circuit key, 
no shunt being inserted in the galvanometer circuit. If 
any deflection is observed it should be noted under the 
heading of *Meakage from lead," and the amount of this 
deflection should be deducted from that given by the cable. 
It is important that all the instruments be kept clean and 
dry, and that the wire used for connecting them and for 
the lead have' a high insulation. The leakage from the 
instruments and lead should not be more than a few 
divisions, ten at most ; if much more than this is observed 

*In Fig. 29, the coxmectlons are shown without earth. 
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the connections should be overhauled, and the trouble 
remedied. It can readily be ascertained whether the 
leakage, if an undue amount is observed, is in the lead or 
the instruments by disconnecting the lead entirely and 
testing the instruments alone. 

Special attention should be paid to keeping the leads in 
good order ; the testing room ends, being connected to the 
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Fia. 30.~CoNNECTiONS FOR Insulation Test. 

insulated binding posts, need never be touched, but the 
ends that are joined to the cables or wires to be tested 
i^hould be trimmed occasionally, the insulation being tapered 
HO as to expose a considerable surface between the wire 
and the braiding ; the attendant who makes the connections 
should be instructed not to handle the lead near the extreme 
end but to hold it about six or eight inches back ; if the 
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end of the lead is handled much the insulation will become 
soft and perhaps damp, giving rise to surface leakage. 
When testing submarine cables, or wires submerged in a 
tank, both ends should be carefully trimmed and the insula- 
tion coated with hot paraffin for a short distance back to 
prevent surface leakage. 

The insulation of the instruments and lead having 
been tested and found " O K," the cable is connected to 
the lead and the current turned on by means of the bat- 
tery key, the zinc pole of the battery being applied first. A 
few moments after turning on the battery the short-circuit 
key should be depressed, throwing the galvanometer into 
circuit The short-circuit key should always be left closed 
when the current is first applied to avoid sending a sud(^e^ 
charge through the galvanometer, which would cause the 
needle to be violently deflected and perhaps partially 
demagnetized. 

It will be observed that the deflection obtained, instead 
of remaining steady, as with the constant, gradually 
decreases ; the resistance of the dielectric being apparently 
augmented by the application of the current. This 
phenomenon is called electrification^ and no clear and satis- 
factory explanation of its cause is forthcoming, although it 
is attributed to a sort of polarization of the insulating 
material by the action of the current. Electrification is 
especially marked with homogeneous dielectrics, such as 
gutta-percha and India rubber ; it is greater with the latter, 
than with the former and with both materials it is greater 
at a low than at a high temperature. 

With cables having a dielectric of fibrous material 
saturated with paraffin or resinous compounds electrification 
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18 very rapid for the first minute or two and subsequently 
very slow, or almost stationary. A cable of this descrip- 
tion, if subjected to a temperature sufficiently high to lower 
the insulation to any considerable extent, will not show any 
electrification at all, the deflection remaining practically 
constant however long the current is kept on. A steady 
deflection and gradual electrification are signs of a good 
cable ; absence of electrification, oscillations and kicks of 
the spot denote the reverse. In testing submarine cables, 
or rubber covered wires submerged in water, special at- 
tention should be paid to these indications. The deflection 
may be steady and show fair electrification, but if any 
sudden kicks are observed, even though they be very 
small ones, they may be taken as an almost sure indication 
that the wire or cable has an incipient fault which will 
probably be completely broken down, or at any rate devel- 
oped sufficiently to proclaim its existence beyond doubt, by 
ihe steady application of the zinc pole of a battery of 
several hundred cells. 

Another sign of a good cable is that it should give equal 
deflections with both poles of the battery. The zinc cur- 
rent is always applied first as it has the effect of accentuat- 
ing any fault or incipient defect, and as a general rule the 
readings with the zinc pole are considered a sufficient indica- 
tion of the condition of the cable ; but if any weakness 
is suspected the cable is thoroughly discharged by being 
connected to earth for some time after the zinc current is 
discontinued, and a set of readings are taken with the 
copper pole of the battery to line. These readings should 
correspond with the first ; if they do not — provided the 
cable has been completely discharged between the two 
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applications of current — the test is not considered satisfac- 
tory and the cable will probably not last in good condition 
for very long. 

These refinements in cable-testing are scarcely applica- 
ble to every-day work, but should always be applied when 
testing cables at a factory for acceptance or rejection, as 
the various points enumerated above throw considerable 
light on the specific quality of the dielectric and its 
prospective durability. It is not to be imagined that an 
relaxation of careful methods is advocated in every-da> 
work, but it is not generally necessary in making periodi- 
cal tests to take reversals or to take more than one minute's 
reading with the zinc current on each wire, except in the 
case of new cables or when a fault is suspected. 
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Test for Insulation. — {Continued,) 

To return to our specific example of the test for insula- 
tion resistance. The behavior of the spot should be care- 
fully watched, and at the end of one minute from the 
time of turning on the current the exact deflection should 
be noted. This deflection serves for working out the 
insulation resistance by comparison with the galvanometer 
constant ; the figures for insulation resistance are generally 
stated to be *' after one minute's electrification." 

We will assume that the cable being tested is 2,640 feet 
long and that the deflection after one minute is 60 divis- 
ions on the scale. The constant of the galvanometer being 
30,000, the absolute insulation resistance of the cable is 
^ ^^%^ ^ = 600 megohms. As cables vary in length it is 
obviously useless, for purposes of comparison, to know the 
insulation resistance of a cable without also knowing its 
length, and even so it is not convenient to have to refer to 
two separate quantities ; therefore it is usual to speak of 
the resistance per unit of length, and the insulation resist- 
ance per mile is the figure by which we can best judge of 
the actual condition of a cable. 

In the present case the absolute insulation being 600 
megohms and the length 2,640 feet, or .6 of a mile, the 
insulation resistance per mile will be 600 X .6 = 250 
megohms. If the cable were 5 miles long and gave the 
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same deflection, the insulation per mile would be 2,500 
megohms. 

The insulation resistance per mile is always found by 
multiplying the absolute insulation, or the insulation for 
the whole piece, by the length ; if the length is less than 
one mile the insulation per mile will be less than the abso- 
lute ; if the length is greater than one mile the insulation 
per mile will be proportionately greater than the absolute. 
Thus if a piece of wire one-tenth of a mile long showed an 
insulation of 10,000 megohms, its insulation per mile 
would be 1,000 megohms. If a cable 10 miles long showed 
an absolute insulation of 100 megohms its insulation per 
mile would also be 1,000 megohms. 

In testing long submarine cables it is usual to keep 
the current on for a number of minutes, sometimes 
for half an hour, noting the deflection at the end of each 
minute. The electrification and general behavior of the 
cable under test can then be observed with care. After 
the zinc current has been on for thirty minutes, the cable is 
put to earth for five or ten minutes, and the discharge or 
earth readings are noted; then the copper pole of the bat- 
tery is applied and a set of readings taken, after which 
the cable is again put to earth and the discharge noted at 
intervals as before. 

With short cables it is scarcely possible to make such 
long tests unless the battery power employed is very great 
or the galvanometer extremely sensitive, as the deflection 
obtained from a short cable of high insulation is so small, 
that, at the usual rate of electrification, there would be no 
deflection at all, or else a stationary one, long before the 
thirty minutes' readings had been taken. Nor is it necessary 
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to make such elaborate tests on short cables, as if there is 
any defect present it will be revealed by a few readings or 
by taking reversals, as previously explained. 

In testing cables or wires insulated with homogeneous 
compounds in a factory they should always be immersed 
in water kept at a definite temperature during the whole 
time, not less than two or three days, that the cable is 
submerged previous to the test. The usual standard 
temperature to which cables are subjected to in factory 
tests is 75 deg. Fahrenheit. This is a higher tempera- 
ture than they are likely to be affected by when in use, 
the conditions being purposely made unfav)rable to the 
cable in order that any possible defects of manufacture, 
which might not show up at once under ordinary conditions, 
may be revealed before the cable is accepted and put 
into use. 

In testing telephone cables containing 50 or 100 conduc- 
tors it is necessary to test each wire separately for insula- 
tion and a certain number for capacity and resistance. As 
a general rule, one minute's reading is considered sufficient 
for each conductor, as a cable which practically depends 
upon the soundness of the lead sheath for its insulation 
will show very quickly whether the condition of the insula- 
tion is good or bad. Another reason which renders readings 
with different poles of the battery a poor guide to the con- 
dition of an underground cable insulated with fibrous 
material saturated with paraffin or compound, is that the 
insulation resistance is affected by heat to a very consider- 
able extent, and it is also very quickly lowered by the 
presence of the smallest amount of moisture in the cable. 
But by whichever cause the insulation is lowered, the read- 
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ings with opposite poles of the battery will be different, 
and therefore no clue is really afforded to the actual cause 
of an unsatisfactory test on a cable of this class ; it may 
be either heat or moisture, unless, of course, there exists 
an absolute certainty that the cable is nowhere subjected 
to undue heat. If, however, moisture once gains an in- 
gress into a cable insulated with fibrous material, the insu- 
lation will fall very quickly and the entire cable will soon 
be practically dead grounded, owing to the rapid absorp- 
tion of moisture characteristic of such substances. 

The insulation of a telephone cable should be fairly regu- 
lar throughout, each conductor giving about the same in- 
sulation, but this is rarely the case, even when the average 
insulation is very high. For this reason the average of all 
the conductors is always taken as a guide to the general 
condition of the cable. A certain limit should be set, be- 
low which no conductor is to fall, as the average insulation 
may be up to the mark owing to high results from a num- 
ber of the conductors, while others may test so low as to 
indicate the existence of a fault. As a general rule, if the 
insulation of a telephone cable is reasonably high and 
fairly uniform throughout, the condition of the cable is 
good. With a very high insulation there may be appar- 
ently great irregularity between the different conductors, 
owing to the difficulty of reading very small deflections 
under the ordinary conditions of testing ; if, for instance, 
the insulation varies from 5,000 to 10,000 megohms per 
mile it may safely be assumed that there is nothing wrong; 
If, however, the majority of the conductors show an insula- 
tion of 600 to VOO megohms per mile, and about eight or 
ten conductors show a much lower insulation, ranging, say. 
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from 30 to 100, although the average for the whole cable 
would be but slightly lowered by these few weak conduc- 
tors, still they would indicate the existence of an incipient 
fault, which might in a short time develop sufficiently to 
seriously aftect the condition of the whole cable. The 
uniformity of the test is therefore the best indication of 
the soundness of a cable of the description we are 
discussing. 

In testing telephone cables for insulation all the conduc- 
tors, except the one being tested, must be grounded ; other- 
wise some of the conductors, those toward the centre of 
the cable, will have the benefit of a greater thickness of 
insulation than the others. This is usually done by lacing a 
fine bare wire among the binding posts on the terminal 
head and connecting it to the iron box or to the lead pipe, 
sufficient slack being left in the wire for it to be pulled 
clear of each binding post in succession as the lead is 
connected. 

One minute's reading with the zinc current is taken on 
each conductor and the insulation is worked out by the 
deflection obtained at the end of the minute, according to 
the method previously described. In calculating the aver- 
age insulation of the cable, the deflections must not be 
added up and averaged, and the average insulation worked 
out by the average deflection ; the fairest method is to 
take the average of the insulation resistance of all the 
conductors. 

To instance the different results given by the two 
methods if the deflections are at all irregular, let us 
assume that we are testing a cable 2,640 feet long. The 
constant of the galvanometer is found to be 30,000 and the 
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first five wires give deflections after one minute's electrifi- 
cation of 30, 50, 30, 10 and 30 respectively. The average 
deflection would be 30, which would give an insulation of 
1,000 megohms absolute and 500 megohms per mile. 
Working out the deflections separately, however, we get a 
different resalt : 



No. 


Deflection. 




Resistance. 




Absolute. 


Per Mile. 


1 
2 
3 
4 
5 
Av( 


30 
50 
30 
10 
30 
BTage Insulatio 


1,000 
600 
1,000. 
3,000 
1,000 
n, 1,830 


500 
300 
500 
1,500 
500 
660 



Thus it is obvious that unless the deflections are extreme- 
ly regular throughout, the average insulation should not 
be determined by the average deflection, as would readily 
occur to most, but by summing the insulation resistances 
of all the conductors and averaging. This would be very 
laborious if every conductor gave a different deflection but 
it generally happens that the same deflection occurs fre- 
quently in a test on a hundred-conductor cable, which 
considerably lessens the labor of working out the test and 
obtaining the average insulation. 

In some cases it simplifies matters to work out results by 
logarithms. As an example, suppose the cable being tested 
is 3,475 feet long, and that we are working with a constant 
of 42,500. The first deflection after one minute's electri- 
fication is 37 ; to find the insulation absolute and per mile 
of this wire we proceed as follows : 
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Jjog. 43,500=4.62888 
37 1.56820 

8.06018 = 1,148 megohms absolute. 

Turning 8,475 feet into decimal parts of a mile we get 
.658; the log. of this added to the log. of the absolute will 
give the insulation per mile, thus : 

Log. 1,148=8.06018 
.658= "1.81822 

2.87840 = 756 megohms per mile. 

When dealing with large numbers it is no doubt more 
convenient to use logarithms, and, with one man to do the 
figuring and another to look up the logarithms and num- 
bers, it is certainly quicker than working out by division 
and multiplication. It must always be remembered that 
in multiplying by logarithms the logs, are added, and in 
dividing, subtracted. 
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Testing for Insulation, — { Continued,) 

It is important in testing a cable containing a large 
number of conductors, that the end of the lead be very 
carefully handled by the attendant who makes the con- 
nections, as, if the extreme end is touched or held fre- 
quently, the insulation is liable to become sticky and damp, 
causing an increase of leakage which would naturally be put 
down to the account of the cable, unless the lead were 
tried at intervals during the test, and any change in its con- 
dition noted and allowed for. A great deal of time alsc 
is consumed in changing the connections, unscrewing re- 
fractory nuts, tightening them up on the lead, etc. To 
obviate these difficulties a connecting clamp for joining on 
the lead wire to the binding posts of underground cable 
terminals has been devised, and is found to answer the pur- 
pose well, time being saved in changing connections, and 
the end of the lead being thoroughly protected. In Fig, 
31, an illustration is given of this clamp in use ; the clamp 
consists of a slit brass socket, the upper part of the socket 
being hinged and pressed towards the lower by a strong 
spring. The socket is attached to a hollow handle of hard 
rubber, and, the end of the lead being bent out straight, it 
i» inserted in the handle, the end of the wire finding its 
way into a hole in the base of the brass socket, where it is 
held by a screw. The upper part of the socket or clamp is 
opened by pressing on the lever, which is faced with hard 
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rubber, so that the attendant who makes the connections 
has no excuse for touching the lead at any uninsulated spot. 
In order to change a connection it is only necessary to re- 
move the clamp from one binding-post to another; the 
pressure of the clamp on the binding-post makes a per- 
fectly good connection, but the lead should be supported at 
a point near to the cable, or its weight hanging on the end 
of the connector will have sufficient leverage to force the 
spring back slightly, causing the upper jaw of the clamp 
to bear on the edge of the binding- post. 

In testing a telephone cable it is advisable always to try 
the lead for leakage at the end of the test, and also to' 
check the galvanometer constant ; it is not unusual in 
buildings where machinery is sometimes running and some- 
times stopped, for the sensitiveness of the galvanometer 
to vary, owing to the changed magnetic conditions. If the 
change is considerable and the deflections are regular, it 
will be noticed at once by the difference in the deflection ; 
if the deflections are irregular the change in the galvanom- 
eter will probably be noticed by alteration of the zero, 
the spot sometimes going off the scale with a run without 
any apparent cause. After such an indication of altered 
magnetic surroundings a new constant should be taken at 
once. Such points as these, however, properly belong to 
each man's experience, and must be studied and provided 
for as they arise. 

In testing for insulation the greatest degree of accuracy 
will be obtained by getting as large a deflection as possible; 
in this way closer readings can be made, and electrification 
or irregularities are more apparent. If a cable will give a 
deflection of 300, do not shunt the galvanometer so as to 
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get a deflection of 30, under the impression that closer 
readings can then be made, as this is by no means the case. 
With short cables of high insulation it is necessary to em- 
ploy a very sensitive galvanometer and a large number of 
cells in order to get a readable deflection, but if possible 
the battery should always be increased until a deflection is 
obtained that can be easily read, and that will allow of a 
certain fall due to electrification without getting within a 
few divisions of the zero mark. 




Fig. 31.— Connecting Clamp. 

It is erroneously believed by some that the insulation of 
a wire or cable differs greatly with the tension of the cur- 
rent, testing or otherwise, and that a wire which gives a 
certain insulation when tested with 100 cells will give a 
much lower insulation when tested with, say, 600 cells, and 
that, consequently, tests should always be made with the 
same number of cells. This, however, is not the case, or 
at any rate it is held not to be the case by the best authori- 
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ties ; if the insalating material is sound the resistance will 
be practically the same whether the test is made with 50, 
100, 500, or 1,000 volts. Of coarse with a greater k. m. f. 
there is a greater current flow, and therefore the deflection 
will increase with the number of cells. Consequently more 
battery power may be added with a view to producing 
larger deflections without any fear of conflicting results 
from tests made with a lesser or greater number of cells. 

It must not be imagined from this, that a test with very 
small battery power is a good indication of the condition 
of a wire or cable. Quite the contrary. A wire may show 
a very good insulation when tested with five cells, although 
it may contain a fault, or more than one, which the applica- 
tion of, say, 100 cells would reveal very quickly. In the 
case of a weak or faulty wire, increased £. m. f., therefore, 
makes a difference, as there may be weak spots in the in- 
sulating material which would stand a stress of 5 or 10 
volts, but which would give distinct indications of their 
presence under a stress of 100 volts, and would probably 
be broken down altogether by 500 volts. For this reason 
a test made with a battery of only a few cells is valueless, 
and equally for this reason it is now the custom in many 
factories to test cables intended for high-tension circuits 
with an k. m. f. somewhat greater than that which will be 
used on them in actual working. That they have stood this 
test once, however, is no indication that they will last good 
indefinitely and under all conditions, and such wires, whether 
overhead or underground, should be tested periodically and 
a close record kept of their insulation resistance ; in this 
way only can warning be obtained of impending trouble, and 
the economical stitch in time applied at the right moment. 
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Test for Capacity, 

The usual method of measuring the inductive capacity of 
a wire or cable is to compare the charge it is capable of 
holding with the charge held by a standard condenser of 
known capacity, the same battery power being used for 
both operations. As already explained, an insulated wire 
or cable constitutes a condenser by itself, the wire being 
one plate and the outer covering or the earth the second^ 
with the dielectric for the separating medium. 

Insulated wires and cables have a high inductive capacity 
as compared with overhead wires, partly because the spe- 
cific inductive capacity of the materials with which they 
are insulated is much higher than that of air, which forms 
the dielectric of an overhead line, and partly because they 
are laid on, or in, the earth, as the inductive capacity of a 
wire increases with its proximity to the earth. The induct- 
ive capacity of an overhead wire, strung at a height of 
about thirty feet above the ground, is more than twenty 
times lower than that of a heavily- insulated underground 
wire having a dielectric of rubber compound or gutta 
percha, and more than ten times lower than that of a con- 
ductor in an underground telephone cable having a dielec- 
tric of cotton and paraffin, or cotton and resinous compound. 

It is very important to obtain accurate measurements of 
the inductive capacity of conductors used for telegraphy 
and telephony, as this quality of the wire has a distinct 
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bearing on its usefulness; in telephony this is more especial- 
ly the case, as every hundredth of a microfarad per mile 
counts for a good deal in limiting the range of transmis- 
sion, especially where considerable lengths of cable are 
used in connection with long overhead lines. 
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STANDARD 
CONDENSER. 




Fia. 32. 

In Fig. 82 the connections for taking the discharge of 
the condenser are shown. The battery is connected to the 
lower contact of the discharge key, the condenser is con- 
nected to the lever of the key, and the galvanometer to 
the upper contact. The second pole of the battery and the 
other terminals of the galvanometer and condenser may 
either be all connected together, or put to earth. 

By pressing the lever of the discharge key down, the 
condenser is charged to the potential of the battery, and 
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by letting it fly up against the upper contact, the charge is 
released or neutralized and flows through the galvanometer, 
producing a sudden throw of the needle. This deflection 
should be noted ; it corresponds, in a certain sense, with 
the galvanometer constant in the previous test 

From five to ten cells should be used in taking the dis- 
charge of the condenser, and the capacity of the condenser 
should be arranged (see ante, Condbnsebs) so as to have 
about the same value as the capacity of the wire or cable 
about to be measured. If the capacity of the wire to be 
measured is very small, such as would be the case when 
measuring a short length of telephone cable, or an over- 
head wire only a few miles long, the capacity of the con- 
denser should be made small by connecting the sections in 
series, and the battery power should be increased so as to 
produce a large deflection. It is always best to get as large 
deflections as possible, as closer readings can be made and 
the percentage of error is less. If a long cable is to be 
measured the capacity of the condenser should be about 
one-tenth or one-hundredth that of the cable, so that the 
deflection given by the discharge from the cable with the 
^th or ^th shunt in the galvanometer circuit shall be about 
the same as that given by the discharge from the condenser 
with no shunt. When possible, the use of shunts in 
capacity tests should be avoided, as a source of error is 
thereby introduced. There are instances, however, when 
it is necessary to take the discharge with the galvanometer 
shunted, as in the case of a long submarine cable. 

Fig. 33 shows the connections for taking the discharge 
of the cable. The cable is connected to the lever of the 
discharge key, the other connections remaining the same. 
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with the exception that here the second pole of the hattery 
and the second terminal of the galvanometer must neces- 
sarily be connected to the earth. 

It is usual to charge the cable for 15 seconds by pressing 
the lever down on the lower contact and keeping it 
clamped there by means of the trigger, for that time. The 

GAL.V. 




Fia. 38.— Capacity Test, Connections For Cable Discharge. 

trigger is then pulled back, releasing the lever and allow- 
ing it to fly up to the upper contact, thereby discharging 
the cable through the galvanometer to earth. 

We will assume that the inductive capacity of a cable 
half a mile long is to be measured. By means of the plugs 
a section of .1 microfarad of the condenser is connected to 
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the termina] blocks and the discharge taken with five cells 
of battery in the manner described. The deflection is 200 
divisions of the scale. The cable is connected to the dis- 
charge key, and a discharge taken in the same manner. A 
deflection of 175 divisions is obtained. Now, the deflection 
of 200 was given by the discharge of a condenser of 
known capacity; therefore, if we divide the second deflec- 
tion by the first we shall obtain the capacity of the cable 
in terms of the capacity of the condenser : 

]11 = .876. 

200 

Therefore the capacity of the cable is .875 of the capacity 
of the condenser. The capacity of the condenser, however, 
was only . 1 of a microfarad ; therefore, to obtain the abso- 
lute capacity of the cable in microfarads we must multiply 
the above result by .1: 

.875 X .1 = .0875. 

The absolute capacity of the cable then is .0875 microfarad. 
We always need to reduce our results to a definite unit 
of length and of course need to know the capacity per 
mile. We have already seen that the insulation resistance 
decreases with the length of the cable and that the abso- 
lute insulation must be multiplied by the length in order 
to arrive at the insulation per mile. With inductive 
capacity the reverse is, of course, the case, the capacity of 
a cable increasing with its length. This is obvious, if we 
consider a cable as a form of condenser. One mile of a 
cable has a certain capacity, then two miles of the same 
cable will have twice the capacity, five miles five times the 
capacity and so on. Therefore, to determine the capacity 
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per mile, the absolute capacity must be divided by the 
length. In this case the absolute capacity is .0876 micro- 
farad and the length .5 mile. 

:5!!i = .175. 



Therefore, the inductive capacity per mile of the cable 
being measured, is .175 microfarad. 

The discharge from the condenser is often called the 
capacity constant, just as the constant of the galvanom- 
eter is often called the insulation constant. Neither ex- 
pression is correct, but if they are used it should always 
be remembered that in working out a test for capacity the 
operations performed in working out the insulation are 
exactly reversed. For insulation, the constant is divided by 
the cable deflection to obtain the absolute, and, to obtain 
the insulation per mile, the absolute is multiplied by the 
length. For capacity the cable deflection is divided by the 
'^ constant " to obtain the absolute capacity, and to arrive 
at the capacity per mile, the absolute is divided by the 
length. 

It must always be borne in mind that in dividing the 
discharge of the cable by the discharge of the condenser 
the result obtained is in terms of the capacity of the con- 
denser employed. If a condenser of 1 microfarad capacity 
is used, the result will be in microfarads, but if the capacity 
of the condenser is |, yV ^^' Vo^ ^^ * microfarad the result 
must be divided by 3, 10, or 20, as the case may be, in 
order to determine the capacity of the wire or cable in 
microfarads. Supposing a condenser of i microfarad were 
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used and gave a discbarge of 120, and the cable gave a 
discbarge of 150 ; tben tbe capacity of tbe cable would be 

— -f- 3 = .4166 microfarads. 
120 

If the cable were 1.6 mile long, then the capacity per 
mile would be 

.4166 ^ 2^^ microfarad. 
1.6 
If we were to use a condenser of .06 microfarad capacity, 
and obtained a discharge of 76, and from the cable one of 
100, then the absolute capacity of the cable would be 

I?? H- 20 = .0666. 
76 

Supposing the cable to be 2,166 ft. long, or .41 of a mile ; 
then the capacity per mile would be 

:^^ = .1624 microfarad. 
.41 

When a number of wires are to be tested for capacity it 
is best to multiply the discharge from the condenser by 
the quotient of the value of the condenser, divided into 
one, which will give the discharge that would be obtained 
from a condenser of one microfarad capacity. Then divid- 
ing the discharges of the wires by this figure will give the 
absolute capacities directly in fractions of a microfarad. 

If the condenser is adjusted to a capacity of .06 micro- 
farad and gives a discharge of 76, by multiplying this dis- 



-(i)- 



charge by 20, l-rTlj we obtain 1,600, which is the dis- 
charge that a condenser of 1 microfarad would give with 
the same conditions of battery-power and galvanometer. 
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Then by dividing the discharge deflections of the wires by 
1,500 we obtain their capacities in fractions of a microfarad. 
This method of calculation will be found more convenient 
than dividing in each case by the condenser discharge, and 
again by the capacity of the condenser. 

In averaging the capacities of a number of wires of the 
same length (such as the different conductors of a tele- 
phone cable) when the deflections vary, it is not necessary 
to work out each deflection separately and average the 
results, as was shown to be the case in averaging the insu- 
lation resistance of a number of wires. The average 
capacity can be worked out from the average discharge 
deflection. The reason for this is simple and obvious. 
With the insulation test the constant is divided by the de- 
flections, and if these vary much, the average of the results 
of each deflection worked out separately will not agree 
with the result obtained by working out the average of the 
deflections ; it is advisable therefore to take the average of 
the insulation resistances of the various wires in order to 
state the average insulation resistance of the cable. In 
the capacity test, however, we divide the deflections by 
the condenser discharge, and the divisor therefore remains 
invariable. It is obvious that the average will be the 
same, whether it is determined by averaging the capacities 
of the separate wires, or by averaging the deflections and 
working out the mean deflection. 

A simple example will serve to make this clear. Having 
from a condenser of . 1 microfarad capacity obtained a dis- 
charge of 200 divisions, we take discharges on six wires in 
a cable, which give deflections of 240, 250, 250, 260, 240 
and 260, respectively. Dividing by 2,000 we find their 
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respective capacities to be .12, .125, .125, .13, .12 and .13 
microfarad. The average capacity of the six will be .125 
microfarad. Now summing the deflections we get 1,500, 
which, divided by 6, the number of wires, gives a mean 
deflection of 250. Dividing this by the condenser discharge 
2,000 we obtain the same result, .125 microfarad, as the 
average capacity of the six wires. 

In testing a telephone cable it is usual to test about 
twenty conductors for capacity; as the deflections will 
probably vary throughout by a few divisions, it is more 
convenient to obtain the average by working out the mean 
deflection, than by summing the capacities of the wires. 
When testing a telephone cable for capacity, all the wires, 
except the one being tested, must be grounded. A test 
made with the cable not grounded would show a 
lower average capacity, owing to the greater thickness of 
insulation surrounding some of the wires. This would not 
be the capacity of the cable under working conditions and 
the test would be worthless as an indication of the quality 
of the cable. In this type of cable it is sometimes desir- 
able to test the capacity of a pair of wires, the ends being 
left disconnected at the further terminal of the cable, 
and the end of the second wire joined to one pole of the 
battery and the galvanometer, the earth connections being 
removed. The capacity of the loop will be one-half the 
capacity of one of the conductors, or one-quarter the 
capacity of the entire length of wire contained in the 
loop. 

In makmg factory tests for capacity, when a long length 
of cable wound on a drum is to be tested, the sheathing of 
the cable should be grounded, the ground connection being 
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made with great care, in order to avoid indactive action 
between the different turns. In testing single wire cables 
of considerable length for capacity, when the cable is 
coiled up, it is best to connect both ends to the discharge 
key. In this way the time of charging is reduced and the 
chances of error, by reason of induction from one turn to 
another, will be lessened by partially getting rid of the_ 
electro-magnetic retardation of the coils. 

It is of the greatest importance in testing for capacity 
that the insulation of the instruments be practically per- 
fect, and this is especially important in measuring the 
capacity of loops (^. €, ''one wire against its mate"), 
because, as no earth connection is used, any leakage from 
the instruments will make the capacity measured appear 
higher than it really should be. 
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Test for Conductor Resistance. 

The principle of the Wheatstone bridge for measuring 
the resistance of conductors has already been explained, 
but may be appropriately recapitulated here. It consists, 
briefly, in offering two paths for the battery current, one 
along the conductor to be measured, and the other by the 
variable resistance ; by connecting two points in these 
separate paths through a galvanometer or other instrument 
(such as a telephone) capable of indicating the existence 
of a difference of potential between the two points, the 
variable resistance can be intelligently manipulated until 
equal potential at the two points is reached ; the resistances 
of the two paths open to the current are then equal, and 
the resistance of the conductor can be read by the value 
of the variable resistance in circuit. In referring to the 
schematic diagram given in the introductory chap- 
ter, the analogy employed was that of an ordinary balance, 
the arms of the bridge being the beam, the adjustable 
resistance the weights, and the galvanometer the pointer. 
This was assuming the arms of the bridge to be of equal 
valae, as the two halves of the beam always are. But the 
bridge has a far wider range of measurement than this, 
which would limit our measurements to the total value of 
the resistance coils. Pursuing the analogy of the balance, 
the arms of the bridge, being adjustable, constitute a sort 
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of reversible steel- yard, and by altering their ratio we can 
make our weights a thousand times heavier than they are 
by themselves, or a thousand times lighter, enabling us to 
weigh accurately with the same set of weights, either very 
heavy or very light bodies, or in other words, to measure 
very high or very low resistances. This property alone is 
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FiQ. 34.— Connections for Resistance by Post Office Bridge. 

sufficient to stamp the Wheatstone bridge as the most 
beautiful measuring instrument known to science. 

As already described, the arms of the bridge each con- 
tain three coils having resistances of 10, 100, and 1,000 
ohms respectively; some bridges have two additional coils 
of 10,000 ohms each, and bridges are occasionally made 
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with five coils in each arm, the lowest of one ohm, and the 
highest of 10,000 ohms resistance. 

If we desire to measure a resistance with an accuracy of 
one ohm only, the ratio of the arms must be equal, that is, 
two coils of equal value must be unplugged. In any case, 
two of the proportional coils must be unplugged when 
making measurements with the bridge, or the galvanometer 
will be short-circuited and no readings obtained. 

If a small resistance is to be measured and the result is 
required to fractions of an ohm, the resistance in the arm 
nearest the coils must be made larger than the resistance 
in the arm to which the unknown resistance is connected. 
Thus, if we unplug 100 in the b arm (the left in the Post- 
office bridge and the right in the dial pattern) and 10 in 
the A, the current strength in the variable resistance will be 
one- tenth of that in the unknown, and the value unplugged 
in the variable resistance will be ten times greater than the 
unknown resistance. When balance is obtained, the re- 
sistance unplugged, divided by ten, will give the resistance 
of the conductor being measured. 

It is plain, therefore, that, as we can make the ratio 
either way, 10 to 100, 10 to 1,000 or (with the dial 
bridge) 10 to 10,000, we can give to each ohm in the vari- 
able resistance a value of -j^, j\^ or y^^ of an ohm, or a 
value of 10, 100 or 1,000 ohms, according to whether we 
are measuring low or high resistances. 

A simple rule to remember, calling the arm nearest the 
coils b, and the arm to which the conductor to be measured 
is attached a, is : When measuring low resistances make 
b higher than a, and when measuring high resistances 
make a higher than b. In the Post-office bridge 6 is on the 
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left when the keys are nearest to the manipulator ; in the 
dial bridge the ratio coils are placed in front of the dials 
and d is to the right. Fig. 34 shows the connections for 
measuring conductor resistance with the Post-office bridge, 
and Fig. 35 with the dial bridge. In these diagrams it is 
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Fig. 35.— Connections for Resistance by Dial BiiiDaE. 

assumed that only one end of the conductor is available for 
connection to the instruments, the other being put to earth. 
In this case the end of the variable resistance, i, e,, the 
bridge coils, and one pole of the battery are also put to 
earth. The general similarity between these diagrams and 
that shown in Fig. 7, is easily apparent. 
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If both ends of the conductor to be measured are avail- 
able, the second end is connected to the terminal of the 
coils, the second pole of the battery also being joined to 
the same point. As these three connections were all to 
earth in the previous case, it is obvious that joining them 
together in no way alters the flow of current in the system. 
When measuring the resistance of a loop in this manner 
with both ends connected to the bridge, it is best to dis- 
connect the earth wire entirely, as otherwise some difficulty 
will probably be found in obtaining a balance. For this 
reason, if the terminal plate for earth connections is used, it 
is best to have it made so that the earth terminal may be 
cut off from the rest by means of a plug, as previously 
suggested. 

It will be noticed that the adjustable coils are joined to 
the ratio coils by two brass blocks, between which a plug 
is inserted. This plug, which is termed the "infinity" 
plug, should always be in place when the bridge is being 
used for measuring resistances, otherwise the coils are dls- 
connected and the resistance is of course infinite. If it is 
desirable to UbC the coils merely as a resistance, such as for 
making a shunt, the removal of the infinity plug serves to 
disconnect them from the ratio coils. 

In the dial bridge there is a pair of blocks with a connect- 
ing plug at the end of each set of ratio coils. The plug 
to the right is the infinity plug and should be in place ; 
that to the left should be removed when measurements are 
being made, or the conductor being tested will be short- 
circuited and balance made impossible. As a matter of 
fact, the coils being between the two terminals at the ex- 
treme ends of the brass blocks, either plug could be used 
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as the infinity plug, provided that the unknown resistance 
were connected at the opposite end of the instrument, but 
it will be found more convenient in practice to keep to one 
method of connecting up. 

The battery power employed for resistance tests need 
not be high unless the length of wire to be tested, and 
consequently its resistance, be very great. For ordinary 
measurements five cells of battery are ample. 

The connections being made as indicated, the ratio coils 
should be adjusted according to whether the resistance to 
be measured be high or low, and the coils should be un- 
plugged so as to throw in circuit an amount of resistance 
approximately equal to the unknown resistance. The gal- 
vanometer should be shunted with the ^ or -^-^ shunt to 
prevent violent throws of the needle if the balance is very 
uneven at first. Assuming that we are working with the 
Post Office bridge, the battery key should now be depressed 
and the galvanometer key tapped lightly, and the direction 
of the deflection observed. It will depend upon the bat- 
tery and galvanometer connections whether a movement of 
the spot to the left indicate too high or too low resistance 
in the coils, but this can readily be ascertained by varying 
the resistance considerably and noting the result. If the 
movement be at first to the left and the addition of a num. 
ber of ohms result in a deflection to the right of the zero, 
then to the left means not enough resistance in the coils, 
and to the right, too much. These indications will, of 
course, have opposite meanings when the battery is re- 
versed. It is usual to put the zinc or negative pole to line, 
but in testing a wire of any length with one end to earth 
it is necessary to take a number of readings with both cur- 
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rents, the mean of all the readings being taken as the resist- 
ance of the line. This method is required on account of 
the earth currents which occur in long lines connected to 
the earth, and which modify the apparent resistance of the 
wire when measured with different poles of the battery to 
line. In a long submarine cable having a total resistance 
of several thousand ohms, the difference between the re- 
sistance measured by the zinc current and the resistance 
measured by the copper current will be sometimes as much 
as one thousand ohms, but the mean of a number of read- 
ings made with each pole to line alternately, will give the 
correct resistance of the cable. 

The battery key being held down and the galvanometer 
key tapped from time to time to ascertain whether to in- 
crease or diminish the adjustable resistance in circuit, the 
adjustment can rapidly be made by manipulating the 
plugs until the spot remains on the zero of the scale. When 
balance is nearly effected, the shunt should be decreased, 
and finally removed altogether, so as to obtain the maximum 
sensitiveness of the galvanometer in arriving at the final 
balance. 

As a general rule in measuring the resistance of land 
lines, whether overhead or underground, the distant ends 
of two wires are joined together and the resistance of the 
loop is taken. The resistance of each wire is then half the 
resistance of the loop. This, of course, is only permissible 
when the two wires are of equal length and of the same 
diameter. 

If the conductors to be measured are connected to the 
instruments by long leads, the resistance of the leads should 
be measured, their ends being connected together and the 
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test made in the manner described above. The resistance 
of the leads mast be deducted from the observed resist- 
ance of the wire or cable being tested. 

In measuring the resistance of a long line where only one 
end is available, the distant end being put to earth, several 
readings should be made with each pole of the battery to 
line ; the mean of the several readings will give the actual 
resistance of the wire. In measuring the resistance of a 
loop or metallic circuit, a single reading with either pole 
of the battery will be sufficient; no connection being made 
with the earth, there is no chance for earth currents to affect 
the readings. 

By referring to Fig. 35 (see p. i 95), it will be seen that the 
dial bridge, besides having the advantage of a greater range 
of resistance, is somewhat more convenient to use (where 
the instruments are permanently set up) than the Post 
Office pattern, although the latter has no equal as far as 
portability and compactness are concerned. With the dial 
bridge the ordinary battery key is used, and the battery can 
be turned on and kept on without the necessity of holding 
down a spring key, and the battery can be reversed when 
requisite without any trouble. The wires from the ends of 
the proportional coils are connected to the short circuit key 
of the regular set of instruments, and by means of this 
the galvanometer is opened and closed for observing the 
progress toward effecting a balance. There are fewer plugs 
to manipulate, and the amount of resistance can be read 
directly from the dials. This renders work somewhat 
quicker than with the Post Office bridge. A very quick 
acting dial bridge is made by having a revolving arm piv- 
otted to the block in the centre of the dial, the under sur- 
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face of the arm making a rubbing contact on the sectional 
blocks. In this way plugs are dispensed with altogether 
and measurements can be made with great rapidity owing 
to the extreme ease with which the adjustment can be 
made. Such an arrangement, however, is open to the ob- 
jection that resistance might be introduced at the contacts 
owing to wear at the bearing of the revolving arm, and in- 
sufficient pressure between the lower surface of the arm and 
the blocks. The possible error from these causes, if the 
instrument is thoroughly well made, should be very small, 
and where very great accuracy is not absolutely essential, a 
bridge of this type would no doubt meet with much favor, 
owing to the saving of time effected by its use. 

The operation of measuring the resistance of a conductor 
is a very simple one, and a practical example will suffice to 
explain the method of proceeding. We will assume that 
the resistance of a wire five miles long is to be measured. 
If the end of the wire is directly available it is connected 
to the bridge at the end of the proportional arm, or, if a 
lead is used the resistance of the lead is taken first. The 
lead is found to measure .36 of an ohm. The wire is then 
connected and a certain amount of resistance is unplugged 
in the coils, approximately equal to what we believe the re- 
sistance of the wire to be. This resistance being a com- 
paratively low one, the proportional coils are unplugged in 
the ratio of 10 to 100, 10 in the arm next the cable and 100 
in the arm next to the adjustable coils. In this way the 
resistance in the coils will be ten times that of the cable, 
and we can make the measurement with greater accuracy. 
The galvanometer should be shunted, as probably the first 
trial will not nearly give balance and there will be a rush 
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of current through the galvanometer causing a violent de- 
flection when the short-circuit key is opened. The key 
should be lightly tapped, and not held down until balance 
is nearly obtained. Having plugged 1,500 ohms in the ad- 
justable coils, we find on tapping the short-circuit key that 
this is not enough, and more resistance is added until the 
deflection is lessened and finally commences to rise on the 
opposite side of the scale. As we approach a balance the 
shunt is removed, giving the maximum sensitiveness of the 
galvanometer. When the deflection begins to be on the 
opposite side of the scale the resistance in the coils is 
slightly decreased and balance is obtained, i, e., the spot 
remains on the zero mark, with the short-circuit key held 
open, with 1, 745 ohms resistance in the coils. The resistance 
of our cable is therefore 174.5 ohms; subtracting .36 ohm, 
the resistance of the lead, we get 174.14, and, dividing by 
five, we find that the conductor has a resistance per mile of 
34.828 ohms. 

When possible, as in measuring the resistance of wires 
in cables containing a number of conductors, it is better to 
join a pair of wires together at the distant end and take 
the resistance of the loop. The two ends are connected 
to the bridge, and the two battery wires also, all ground 
connections being dispensed with. The figures obtained 
must, of course, be halved to give the resistance of a single 
conductor. 



Digitized by VjOOQ iC 



CHAPTSB XV 

Connections of Permanent Set of Testing Instruments. 

In Fig. 36 is shown a diagram of a complete lay-out of 
testing instruments for use in the testing room of a wire 
factory, electric-Iighty telephone or telegraph central sta- 
tion. The instruments required have already been fully 
described, and in describing the lay-out and connections it 
is only necessary to briefly enumerate them once more, as 
follows : 

Astatic reflecting galvanometer with box of shunts, lamp 
stand and scale. 

Galvanometer reverser. 

Short circuit key. 

Discharge key. 

Battery reversing key. 

Wheatstone bridge (for permanent use, preferably of 
the dial pattern). 

High resistance box, 100,000 ohms or one megohm. 

Adjustable condenser. 

100 cell testing battery. 

Set of insulated double binding posts for attacking 
leads running to factory or cable terminals. 

Set of single binding posts on brass plate for earth 
connections. 

In the diagram all these instruments are shown, with the 
exception of the galvanometer and battery ; their po- 
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BitioDBy however, are sufficiently well indicated by the leads 
from the shunt and battery reversing key. The omission 
of the galvanometer and battery allows of greater clearness 
and compactness in the diagram. The diagram shows 
the most convenient method of placing and connecting the 
instruments on the table ; the galvanometer would be set 
upon a shelf removed a short distance from the table and 
the battery on another shelf, either behind the table, at 
the side of the manipulator, or underneath. 

Starting from the right hand lower comer of the table, 
we find the set of insulated double binding posts on which 
the leads running to the cables are terminated. Immedi- 
ately above this is placed the brass plate with a number of 
single binding posts ; this plate serves for connecting the 
instruments together or connecting them to earth, a stout 
wire being run from the end post to a good earth. The 
improved form of plate is shown with the end post divided 
from the rest of the plate, so that the ground can be taken 
off by removing a plug. This arrangement is useful 
when testing a looped wire for copper resistance, as the 
presence of a ground will often prevent a balance being 
obtained. 

Above the earth plate is placed the lamp stand, from 
which projects a wooden channel directing the light to the 
mirror at the back of the scale, by which it is reflected to 
the galvanometer. The scale is of the ground-glass pat- 
tern previously described. Next to the set of insulated 
binding posts is the battery reversing key, of the Rymer- 
Jones pattern. One pole of the battery is connected to 
each of the crescent-shaped contact pieces at either end of 
the key ; the right hand lever is connected to earth by a 
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wire ran to the earth plate. Near the left hand lever two 
wires are terminated, being attached to the table and 
spiralled so that either can readily be connected to the 
binding post on the left hand lever. One of these wires 
goes directly to the centre binding post of the bridge ; the 
other is terminated between the short circuit and discharge 
key, and spiralled so that it can be connected to either key 
— ^to the short circuit in taking the galvanometer constant, 
or in testing for insulation ; and to the discharge key for 
capacity tests. So much for the battery connections. 

Next to the battery key is placed the discharge key, and 
next to this the short circuit key. The short circuit key is 
permanently connected to the galvanometer reverser by 
two wires, and a short wire is run from one post of the 
short circuit key to the upper contact of the discharge key. 
At the back of the discharge key is terminated a wire 
from the condenser, which can be connected to the lever of 
the key for taking the discharge of the standard condenser. 
In the same manner a wire from the high resistance is ter- 
minated near the short circuit key, available for being con- 
nected to the binding post of the key opposite to that to 
which the wire from the battery key is attached. A short 
wire led from the insulated binding posts to a point between 
the short circuit and the discharge key serves for connect- 
ing any of the leads to either key for insulation and 
capacity tests. 

The bridge is placed at the extreme left of the table ; 
above it and at the rear of the table is the multiple-series 
adjustable condenser, and in the angle between the two the 
high resistance box used for taking the galvanometer 
constant. 
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We have already seen that one wire runs direct from 
the battery key to the centre binding post of the bridge, 
another wire from the discharge key to the condenser, and 
still another from the short' circuit key to the high resist- 
ance ; the other connections of these instruments are as 
follows : From the extremities of the bridge arms two 
wires are led to the galvanometer reverser, and spiralled 
so as to be readily attached to opposite segments of the re- 
verser. It would be the same thing to take these wires to the 
short circuit key ; but as this would overcrowd the wires 
in that neighborhood, it is more convenient to take them 
to the reverser. 

To connect the unknown resistance to the bridge, two 
wires are led from the binding posts on the brass blocks at 
the left of the bridge ; the infinity plug being out, one 
of these posts constitutes the extremity of one of the pro- 
portional arms, the other the extremity of the adjustable 
resistance coils. The two wires are preferably taken to 
the extreme right hand corner of the table and terminated 
and spiralled there, ready to be connected to a pair of the 
leads attached to the insulated binding posts. For greater 
clearness they are shown in the diagram just to the right of 
the bridge at x, as if for connection to a coil whose resist- 
ance is to be measured. The remaining connection of the 
bridge is from the end of the adjustable coils to earth or 
to the second pole of the battery ; the condenser and high 
resistance also require to be connected in the same manner ; 
and to simplify the wiring, a wire is run from one of the 
binding posts of the high resistance to the earth plate. 
The extremity of the bridge coils is connected to the 
" earth " block of the condenser, and this, in turn, is con- 



Digitized by VjOOQ iC 



100 Connections of Permanent Set of Testing Instruments, 

nected to the high resistance by another short piece of 
wire. In this manner the return circuit of the bridge, 
condenser^ and high resistance, is effected with the greatest 
economy of wiring and connections. 

The usefulness of the earth plate hero shows to advan- 
tage ; one lever of the battery key being permanently con- 
nected to it, the connections to one side of the other instru- 
ments can also be made permanent, and the plate serves 
both as a junction for the bridge, condenser, high-resistance 
and battery wires, and as a handy connection to earth 
whenever such a connection is required. 

The galvanometer reverser is permanently connected to 
the shunt, and the shunt to the galvanometer. The position 
of the shunt is a trifle inconvenient, but it is best placed as 
near as possible to the galvanometer, or error may be in- 
troduced by the resistance of the leads between the shunt 
and the galvanometer. In any case, very thick leads 
should be used for this purpose. 

The lay out of instruments and connections described 
above will be found very convenient for arranging a set of 
instruments for permanent use in one place. A table four 
feet by three accommodates the entire set, as shown in the 
diagram, a clear space being left between the short circuit 
key and the bridge, for placing the note book or test- 
blanks. 

The diagram shows the instruments connected for meas- 
uring conductor resistance ; as will readily be seen, the al- 
terations to be made, in order to connect the instruments 
for any of the other tests, are very simple. To take the 
galvanometer constant the bridge wires are removed from 
the galvanometer reverser, and the bridge battery wire 
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from the battery key. The short wire a b is then con- 
nected to the battery key and to the rear terminal of the 
short circuit key, the wire from the high resistance being 
attached to the front binding post of the short circuit key. 
The connections for taking the constant are then complete ; 
the only change required to connect for insulation is to 
substitute, on the front binding post of the short circuit 
key, the short wire running to the leads for the wire con- 
nected to the high resistance. 

To connect for taking the discharge of the condenser, 
the B end of the wire a b is removed from the short cir- 
cuit key to the underneath contact of the discharge key, 
and the condenser wire is connected to the lever of the 
key. The short circuit key is held open by the catch, 
thus insulating the front contact, and the short wire which 
joins the two keys then serves to connect the upper con- 
tact of the discharge key with one wire of the galvanom- 
eter. The other side of the galvanometer must, of course, 
be connected to the earth plate, and this is done by run- 
ning a temporary wire from one segment of the galvanom- 
eter reverser to the high resistance, which, as previously 
shown, is permanently connected to the earth plate. This 
completes the connections for capacity, and to take the dis- 
charge of the cable merely requires the connection of the 
piece of wire joining the lead to the rear binding post of 
the discbarge key, in place of the condenser wire. With 
the instruments and connections laid out in the manner 
shown and described, the changes from one test to another 
can be made very quickly and without any confusion. 
Most of the wires are fastened to the table, but some, such 
as the wire from the discharge key to the condenser, and 



Digitized by VjOOQ iC 



lOd Connections of Permanent Set of Testing Instruments. 

those from the bridge to the condenser, battery and leads, 
can be carried underneath the table, or under the projecting 
ledges. 
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CHAPTEB XVI. 

General Remarks. 

In working with portable sets the following simple rules 
for connecting up will be found of use : 

Galvanometer Constant : — Connect one pole of battery 
to galvanometer, second pole of battery to high resistance, 
second terminal of galvanometer to second terminal of 
high resistance ; shunt and short circuit key to be bridged 
across galvanometer circuit. 

Jnsulation: — Connect one pole of battery to galva- 
nometer and the other to earth; join the cable to second ter. 
minal of galvanometer ; shunt and short circuit key as 
before. 

Condenser Discharge : — Connect " earth " block of con- 
denser, one terminal of galvanometer and one pole of 
battery together ; front block of condenser to lever of dis- 
charge key, second terminal of galvanometer to upper 
contact, and second pole of battery to lower contact of 
discharge key. 

Capacity of Cable: — Connect one pole of battery and 
one terminal of galvanometer to earth, substitute the cable 
or lead for condenser at lever of discharge key ; other 
connections the same as in taking discharge of condenser. 

Conductor Resistance: — If cable to be measured is 
single and grounded at distant end, connect as follows : 
Join one pole of battery to centre of proportional arms of 
bridge and other pole to earth. Connect cable to extremity 



Digitized by VjOOQ iC 



104 Care of Instruments and Connections. 

of left hand proportional arm, and extremity of adjustable 
coils to earth. One terminal of galvanometer is connected 
to extremity of each proportional arm. 

If the cable to be measured is doable and looped at the 
distant end, the only difference in the connections will be 
to join second cable- end and second pole of battery to ex- 
tremity of adjustable resistance coils, removing the earth 
connection at this point. 

In setting up the instruments the first operation will 
always be to connect the shunt to the galvanometer, and 
the short circuit key to the shunt ; when this is done the 
terminals of the short circuit key correspond practically to 
the terminals of the galvanometer ; therefore all galva- 
nometer connections are most conveniently made direct to 
the short-circuit key. When a galvanometer reverser is 
used it is best placed between the shunt and short circuit 
key. 

CASE OF INSTRUMENTS AND CONNECTIONS. 

In connecting up instruments either for temporary or 
permanent use, trim the ends of all wires carefully, taper- 
ing the insulation back from the bared portion of the wire, 
so as to leave no loose shreds of insulation or braiding to 
make contact with binding posts or other parts of instru- 
ments and thus give rise to surface leakage. Always bend 
wires around binding posts from left to right, so that when 
the nut is screwed down it will tend to grip the wire firmly 
and not to loosen it or push it back, as would be the case 
were the wire bent round from right to left. This point 
is one of special importance when dealing with stranded 
wire. 
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Keep the hard rubber pillars, bases and tops of keys and 
other instruments thoroughly dry and clean. It is very 
difficult to prevent dust from lodging on the instruments, 
as some of the parts are very difficult to get at, but a little 
careful attention every day with a camel's hair brush and a 
piece of chamois leather will go a long way toward keep- 
ing the instruments in good condition and always looking 
clean and bright. When not in use the instruments should 
always be properly covered up. If work is being done 
every day it is better to dust twice a day — in the morning 
before beginning work and in the evening before covering 
up. In any case the morning inspection and dusting 
should never be omitted. 

When the instruments are not in use, all plugs should be 
kept in position to prevent dust from being deposited in 
the sockets ; dirty plugs and sockets introduce extra re- 
sistance. The plugs should be cleaned occasionally with 
very fine emery paper. The sockets should also be cleaned 
from time to time in the same manner. This can be done 
by means of a small wooden plug of a size to fit loosely in 
the socket ; by slitting the plug part of the way up, the 
edge of a strip of emery paper can be held in the plug and 
the strip wound round it. With this the sockets in the 
brass blocks can be thoroughly cleaned. If the plugs and 
sockets are kept clean there will be no danger of introduc- 
ing extra resistance from bad contacts and accurate meas- 
urements can be depended upon. The platinum contacts 
of the keys should be cleaned occasionally by rubbing with 
a piece of ordinary unglazed writing paper, or, if they 
have become very dirty, with very fine emery paper. Keys 
with rubbing contacts will seldom need this attention, as the 
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contacts are kept clean by the friction of the two surfaces. 
When ordering keys it should be insisted that all the fixed 
parts of brass be secured to the hard rubber pillars by 
means of steady-pins. If the steady-pins are omitted, the 
levers, contact plates and bridges will soon woric loose and 
shift round — a very annoying and troublesome defect. 

The bases of keys and other light instruments are gen- 
erally drilled at the corners so that they may be screwed 
down to the table. A better plan, which will insure more 
thorough insulation, can be adopted if the instruments are 
to be used permanently in one place. This is to have the 
bases made solid, i. «., without holes, and to stick the keys 
to the table with Chatterton's compound, or some similar 
elastic glue. In damp places the insulation of the instru- 
ments can be improved by covering the table with a sheet 
of gutta percha before setting up the instruments. 
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CHAPTER XVII. 

Records and Meports of Tests, 

In keeping records and making reports of tests for fu- 
ture reference, or for the information of others, care should 
be taken to make the information recorded as full as pos- 
sible, so that all the data that can possibly be required at 
any future time may be always accessible. In making re- 
ports or entering up records of tests there can be no greater 
error on the part of the obsen^er than to imagine, because 
certain data are quite well known to him, that there is no 
necessity to write them down, as he can always remember 
all about the matter himself. The object of keeping re- 
cords and making reports is to furnish other persons with 
full information on the subject ; and the records should be 
so written up that anyone needing to refer to them five, 
ten or twenty years after, might be able to readily ascer- 
tain the whole history of any cable tested, the conditions 
under which the test was made, and, if he found it desir- 
able so to do, to check the figures and work out the test 
for himself. 

This can only be made possible by inserting in the re- 
cords all the details of the construction of the cable, such 
as size of the conductor, style and thickness or weight 
per mile of insulation, length of cable, etc., and all the 
figures referring to the test, such as battery power, resist- 
ance and shunt used in taking the galvanometer constant, 
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battery power and shunt used in taking insulation test, 
leakage from lead, resistance and capacity of lead, capacity 
of condenser and battery power used in taking discharge 
from standard condenser. The state of the weather and 
the temperature should also be noted. When these data 
are all correctly given, a record of a test has permanent 
value ; when they are omitted or given incorrectly, or in 
such form as to leave room for doubt as to their exact 
meaning, the record is almost useless for reference, as little 
dependence can be placed on a " bald and unconvincing 
tale " in which results only are given. 

Another bad practice in writing up records, almost as 
reprehensible as that of suppressing information, is that of 
using abbreviations which are understood only by the in- 
ventor or abbreviator. All remarks should be written in 
plain English, and, where abbreviations are used, they should 
be only such as are customary and " to be understanded of 
the common people." 

In making a report of a new type of cable it is necessary 
to enter more into detail than in reporting the test of a 
cable of well-known and frequently used description, par- 
ticularly if the new cable is supposed to embody any 
special advances over previous methods, or if valuable ad- 
vantages are expected to be derived from its adoption. In 
such a case it is necessary, besides giving a full report of 
the electrical tests, to make a detailed description of the 
mechanical construction of the cable, specifying the num- 
ber, size and weight per mile of conductors ; the nature of 
the insulating material, and the thickness and weight per 
mile on each conductor ; the method of laying- up the con- 
ductors ; style and amount of material used for outer pro- 
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tection ; weight of complete cable per foot or mile, etc. 
Reports of this kind will, of course, vary in each case, 
but the point is that it should always be borne in mind that 
an electrical test alone docs not give sufficient data on 
which to base an opinion of the merits of a new type of 
cable. 

When the report deals only with a test on a cable of 
standard type, there is no necessity to enter all the me- 
chanical details ; it will be well to consider, however, the 
entries which should always be made, and these will serve 
as a guide for drafting forms for test blanks and record 
books. 

Topographical Data : — Name or number of cable, loca- 
tion of terminals, and length of cable. 

Mechanical Data : — Type of cable, manufacturer's name, 
number of conductors, size of conductors, thickness of 
insulation, description of insulating material, description 
and thickness or weight of outer covering. In some cases 
the name of the cable, if some conventional trade name is 
used, will be sufficient to indicate by whom the cable is 
manufactured, and also its general mechanical construction, 
as such cables are generally made to a standard specifica- 
tion which is only departed from when improved methods 
of manufacture render it necessary or advisable to amend 
the specifications. 

Electrical Data: — Galvanometer constant, stating bat- 
tery power, shunt and resistance used and deflection 
obtained. Leakage from lead t^ken with full battery. 
Discharge from lead taken with same number of cells as 
used in capacity test. Resistance of lead. Discharge 
from standard condenser, stating, battery power, capacity 
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of condenser used and deflection obtained. Deflection for 
insulation on each conductor and insulation resistance, 
absolute and per mile. Discharge deflection on each con- 
ductor and capacity, absolute and per mile. Resistance of 
each conductor (or loop) with lead, absolute resistance 
(lead deducted) and resistance per mile. 

General Remarks : — Make note of any conductors open 
or grounded, number of working wires in cable, or any- 
thing in the condition of the cable likely to affect the test. 
Note the condition of the weather and the temperature of 
the air, and of the hydrant water if the cable ia laid under- 
ground or of the tank water if the test is made in the 
factory. Note the date of the test and name of the person 
who makes it. 

It is useful in the case of a cable containing a number of 
conductors to add a summary giving the average insula- 
tion resistance, capacity and conductor resistance of all the 
wires tested, and the highest and lowest results in each 
test. This shows at a glance the general condition of the 
cable. 

In preparing a test sheet for filling in the above informa- 
tion, the heading shoald contain the spaces for the 
description of the cable, route, location of terminals, length, 
mechanical details, etc. Immediately below should be the 
spaces for galvanometer constant and condenser discharge, 
and particulars of the lead, L e., its leakage discharge and 
resistance. The rest of the sheet should be ruled in vertical 
columns for insulation resistance, inductive capacity and 
conductor resistance, a column being made for the conduc- 
tor number, another for the deflection or reading, a third 
for the absolute, and a fourth for the per mile. At the 
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bottom of the sheet spaces may be ruled for the summary 
of average results, general remarks, date and weather, and 
name of observer. 

The accompanying forms show, first, a full test-sheet for 
recording the test on a telephone cable, containing fifty- 
one pairs of wires, that being the type of cable generally 
adopted by telephone companies using underground sys- 
tems ; and second, a summary of the te^t for furnishing a 

SUMMARY OF CABLE REPORT 
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Fig. 38. 

report to the executive department on the general condi- 
tion of a cable. (Figs. 87 and 38.) 

In the heading of the test-sheet are left spaces for the 
number, description, route and length of the cable. Be- 
low this are entered the galvanometer constant and dis- 
charge from standard condenser, spaces being left to fill 
in the number of cells, high resistance and shunt used and 
the capacity of condenser and battery power employed in 
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taking the discharge. The particulars of the lead are noted 
here, and in cases where a long lead is used, it would be 
useful to enter the discharge from the lead before connect- 
ing on the cable for capacity test. The rest of the sheet 
explains itself, the vertical columns being ruled for enter- 
ing the readings in each test and the results, absolute and 
per mile, in megohms, microfarads and ohms. The sum- 
mary at the bottomof the sheet is a useful addition, as it 
shows at a glance the general condition of the cable. The 
figures entered in the summary are transferred to the sec- 
ond form, " summary of cable report," when it is necessary 
to report a test to some department other than that in 
which the full records are kept. The permanent record 
book is ruled in an almost precisely similar manner to the 
test-sheet used for noting down the observations at the 
time the test is made, with the exception that the summary 
is transferred to the heading. 

In designing test-sheets for use in cable factories, or for 
testing single wires, such as electric light cables or over- 
head wires, the sheet can, of course, be made much smaller, 
but it will be found a good plan to use a heading, similar 
to that described above, giving all the details of the cable 
itself and of the constants used in working out the test, 
otherwise the records will be incomplete and unsatisfactory. 
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Abeolate capacity, 80 
Absolute insulation, 65, 70 
Accuracy in testing, 73, 78 
Adustable condenser, 48 
Arrangement of permanent set, 

Astatic galvanometer, 9 

connections of, 15 

resistance of, 15 

setting up of, 13 

detector pattern, 40 

tripod pattern, 16 
Average capacity, 83 

insulation, 68 
Battery, 49 

chloride silver, 49 

connections, 53 

key, 24 

portable, 50 
Best conditions for capacity test, 

84 
Bridge, Wheatstone, 6, 85, 86 

principle of, 8, 86 



Bridge, dial pattern, 85 

P. O. pattern, 88 

ratio, 87, 88 

with rubbing contacts, 93 
Cables, submarine, 163 

telephone, 167 
Capacity, electrostatic, 5 

absolute, 80 

average, 88 

test for, 76, 78 
in factory, 84 
of loop, 83 

of wires overhead and under- 
ground. 76 

unit of, 42 
Care of instruments, 104 
Chloride of silver battery, 49 
Clamp for connecting lead, 72 
Cleaning instruments, 105 
Commutator, 50 
Complete set of instruments, 96 
Condenser discharge, 6, 77 
Condensers, 5, 42 
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Condensers, adjustable, 48 

in multiple, 44 

in series, 44 

laws of, 43 
Conductor resistance, 7, 86 
Connecting clamp for lead, 72 
Connecting wires, 104 
Connections, battery, 52 

coils of galvanometer, 16 

for capacity, 79 

condenser discharge. 77 
for conductor resistance, 
87 

galvanometer constant, 57 

insulation test, 60 

permanent set, 97 

of dial bridge, 86 

of P.-O. bridge, 88 
Constancy of testing battery, 52 
Constant of galvanometer, 57, 73 
Constants, 81 
Construction of keys, 106 
Dead-beat galvanometer, 16 
Defective insulation, 63, 69, 75 
Dial bridge, 36 

connections of, 89, 90 

with i-ubbing contacts, 93 
Dielectric, 4 
Discharge, condenser, 6, 77 

key, 27 
Kempe's, 27 
Webb's, 28 
Double- plug reverser, 32 
Earth plate for connections, 54 
Effect of E. M. P., on insulation, 
74 



Electrification, 62 
Electrostatic capacity, 5 
Factory tests, 68, 67, 84 
for capacity, 84 

test records, 113 
Farad, 42 

Fibrous insulation, 67 
Formulae for shunts, 20 
Galvanometers, 9 

astatic, 10, 15, 16. 40 

portable, 18 

setting up of, 13 
Galvanometer constant, 8, 4, 57, 
73 

resistance, 16 

scale, 12 

spot of light, 12 
General remarks, 108 
Glass scale, 12 
High resistance, 84 

new form, 85 
Homogeneous insulation, 67 
Infinity plug, 91 
Insulated binding-posts, 58 
Insulation, 2, 60, 74, 106 

absolute, 65, 70 

average, 68 

connections, 60 

defective, 63, 69, 75 

effect of E. M. F. on. 74 

of instruments, 106 

per mile, 66 
Kempe's discharge key, 27 

handbook, 2 
Keys, 24 

battery, 24 
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Keys, construction of, 106 
discharge, 27 
reversing, 24 
short circuit, 80 

Lamp and scale, 12 

Laws of condensers, 44 

Leads, 60, 61, 72 

Leakage, 4 

from lead, 60 

Logarithms, working out by, 70 

Loss of charge, 29 

Magnetic disturbances, 14, 73 

Magnetic shield for galvanom- 
eter, 14, 19 

Manipulation of P.-O. bridge, 
91 

Megohm resistance, 34 

Moisture in cables, 68 

Multiple-series condenser, 45 

Multiplying power of shunts, 19 

Plate for earth connections, 54 

Practical testing, 56 

Precautions in testing, 72, 84 

Portable reflecting galv. set, 18 
testing batteries, 50 

Position of shunt, 28 

Post-oflice bridge, 38 

Principle of Wheatstone bridge, 
8,86 

Proportional coils, 86, 87 

Records and reports, 107 

Recording galvanometer con- 
stant, 59 

Report on new type of cable, 108 

Reflecting galvanometer, 9 

Residual charge, 48 



Resistance of astatic galvanom- 
eter, 15 
Resistance boxes, 38 

coils, 40 

conductor, 94 

high. 34, 35 

new form, 35 

of grounded wire, 93 

of loop, 90, 92, 95 

of shunts, 22 
Reverser, double plug, 32 
Rules for connecting up, 103 
Rymer-Jones key, 25 
Scale and lamp, 12 
Setting up galvanometer, 13 
Shelf for galvanometer, 14 
Shield, 14. 19 
Short circuit key, 80 
Shunts, 19 
Shunt formulae, 20 

multiplying power of, 19 

of various resistances, 41 

resistance of, 22 

use of, in capacity lest. 78 
Signs of good insulation, 63 
Simple rules for connecting up, 

108 
Submarine cables, 63 [14 

Swinging shelf for galvanometer. 
Table of shunts, 41 
Telephone cables, 67 
Temperature, 23, 41, 62, 67 

standard for tests, 67 
Test for capacity, 76, 78 

conductor resistance, 86 
insulation, 60, 74, 106 
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Test forms and record books, 
109 

reports, 108, 112 
Testing battery, 49 

table, 100 
Tripod galvanometer, 16 
Unadjustable high resistance, 35 
Unit of capacity, 42 



Webb discharge key, 28 

Wheatstone bridge, 6, 35. 86 
manipulation of, 91 
principle of, 8, 86 
various forms of, 35 39 

Working out tests, 58, 64, 70, 
80, 95 

Working out tests by logs., 70 
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THE K. S. QREELEY &> CO., 




5 & 7 DEY ST., 

ELECTRICAL SOPPLIES 

Standard Electrical 

Test Instruments 

a Specialty. 

OWNERS AND OPERATORS OF 

The Greeley 
Electrical 

Laboratory. 



NEW YORK. 

OF EVERY DESCRIPTION 

Galvanometers, 
Rheostats, 
Ammeters, 
Voltmeters, 
Condensers, 
Wheatstone 
Bridgres, etc., 

AND 

Special Devices. 

Send for Test Instrument 
Catalogue, 
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OUEEN & CO., 

PHILADELPHIA, 

Beg to call attention to the full line of 

Electrical Heasorlng Instruments 

FOR TESTING THE RESISTANCE AND INSULATION OF WIRES 
AND CABLES, WHICH THEY MANUFACTURE AND IMPORT. 



Correspondence is solicited, and a copy of their Illustrated De- 
scriptive Catalogue No 1-66 will be mailed to intending purchasers, 
upon application. 



NOVELTY ELECTRIC COMPANY, 

50, 52 & 54 North Fourth St., Philadelphia, 

MANUFACTURENS AND DEALERS IN 

gleetpieal TVl^t^^i^l* 

Experimental or Special Work made to order. Write us for estimate. 
|y Our new plate catalogue sent to any one sending us business card.*^|| 
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WILLIAM MARSHALL, 

University Building, New York, 

MANUFACTURER OP 

ELECTRI CAL COND ENSERS. 

Condensers for Telegraph Circuits. Condensers for Telephone 
Circuits. Condensers for Electric laghting. 



STANDARD CONDENSERS FOR ELECTRICAL TESTING A SPECIALTY. 



Marshall's patent multiple-series adjustable standard condenser is the ne/ius 
ultra of standard condensers for fine testinff. 

No well-equipped electrical laboratory is complete without one of these 
instruments. Condensers made in any combination of capacities. High resistances 
snd artificial cables made to order. Send for Catalogue. 
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JUST PUBLISHED. 



One Volume, Octavo, Cloth. Price, $l.50. 

Modern Practice & Electric Telegrapii. 

A Hand-Book for Electricians and Operators, 

BY FRANKLIN LEONARD POPE, 

PAST PRESIDENT AMERICAN INSTITUTE ELECTRICAL ENGINEERS. 



AN ENTIRELY NEW WORK, REVISED, ENLARGED AND 
BROUGHT UP TO DATE THROUGHOUT, 

WITH ILLUSTRATIONS. 



TABIvK OR CONTENTS: 

Chapter j. Introductory. 

2. Sources of Electricity, 

3. Sources of Electricity (continued). 

4. Theory of Quantitative Electrical Measurement. 

5. Laws and Conditions of Electrical Action. 

6. Laws of Electro-Magnetism. 

7. Telegraphic Circuits. 

8. Equipment of American Telegraph Lines. 

9. Testing Telegraph Lines. 
10. Hints to Learners. 



D. VAN NOSTRAND COMPANY, 

PUBLISHERS, 

23 Murray and 27 Warren Sts., New York. 

Bt^Sent by mail on receipt of price. 
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BOOKS ON 

ELECTRICAL SCIENCE 

PUBLISH^ AND FOB SALS BY 

D. Van Nostrand Company, 

23 Hurray and 27 Warren Streets, New York. 



ATKIXSOJf. :PHIIjIB. Hie Elements of Electric 
Ugbtiug. Inclading Electric feneration, Measurement, 
Storage and Distribution. Sixth edition. 104 illustiu- 
tions, 260 pages. 12mo, cloth $1 50 

— The Elements of Dynamic Electricity and Magnetism. 

406 pages and 117 illustrations. 12mo, cloth 2 00 

Elements of Static Electricity, with full description of 

the Holts and Topler Machines and their mode of operat- 
ing. 65 illustrations. 12mo, cloth 1 dO 

BADT, F. B. The Dynamo Tender's Hand-Book. With 70 

illustrations. 16mo, cloth. ; 1 00 

Incandescent Wiring Hand-Book. With 41 illustrations 

and five tables. Second edition. 12mo, cloth 1 00 

Bell.Hanger*s Hand-Book. 07 illusti-ations. 12mo, cloth 1 00 

BONNET, G. E. Electro-Plater's Hand-book. A Manual 

for Amateurs and young Students on Electro-Metallurgy. 

61 illustrations, 208 pages. 12mo. cloth 1 20 

BOTTONE, S. JB. Electrical Instrument-Making for Ama- 
teurs. A Practical Hand-book. With 48 illustrations. 
Fouith editiou. Enlarged by a chapter on The Telephone. 
12mo, cloth. Beducea to 60 

The Dynamo, How Made and How Used. A Book for 

Amateurs. Sixth edition, with additional matter and 
illustrations. 89 illustrations I 00 

Electric Bells and all about them. A Practical Book for 

Practical Men. With more than 100 illustrations. 12mo, 
cloth. Beduced to (SO 

Electro-Motors. How Made and How Used. A Hand- 
book for Amateurs and Practical Men. Many illustra- 
tions. 12mo, cloth. Reduced to 60 

^MMING, 



MMING, L. Electricity Treated Experimentally. For 



^ 



DU MOyCEL, COUNT. ElednvMagneta. Tbo Deter- 
mination of the Elements of tbeir Construction. lOmo, 
fancy boards. (Van Nostrand's Science Series, Ko. 64.). |0 60 

fISKE, LC. BBADLEYjA.. U. 8. N. Electricity In 
Tbeory and Practice; or, Tbe Elements of Electrical En- 
gineering. Eigbteentb edition. 8vo, cloth. ISOillustra' 
tions % SO 

MA8KTN8, €. H. Tbe Galvanometer and its Uses. A 
Manual for Electricians and Students. Fourth edition, 
revised. 12mo, morocco, ilhisirated • 160 

HEAB, Majitr ID. P. Electrical Appliances of the 
Present Day. Being a report on tbe Paris Electrical 
Exhibition of 1881. 8yo, cloth, fully iUvstrated 2 00 

HOBBE8, W. E. P. Tbe Arithmetic of Electrical Measure- 
ments. With numerous examples fully worked. 12mo, 
cloth • 60 

HOPKINSON, IDE. JOHN. Dynamic Electridtv: Its 
Modem Use and Measurement, chieny in its Application to 
Electric Lighting and Telegraphy; including— I. Some 
Points on Electric Lightiue. II. On the Measurement of 
Electricity for Commercial Purposes. By T. N. Sboolbred. 
III. Electric Li^bt Arithmetic. By R. E. Dav. 16mo, 
boards. (Van ^ostrand's Science Series, No. 71.) • 60 

INCANDE8CENT ELECTEIC LIGHTING. A 

practical description of the Edison system by L. H. Lati- 
mer, to which is added a description of the Edison Electro- 
lytic Meter and a paper on the maximum efficiency of In- 
candescent Lamps. By John W. Howell. (Van Nos- 
trand's Science Series, No. 67.) 16mo, boards 60 

INDUCTION COILS. How Made and How Used. 

(Van Nostrand's Science Series, No. 53.) lOmo, boards. . 60 

KArr. GI8BEET. Electric Transmission of Energy 
and Its Transformation, Subdivision, and Distribution. A 
practical Hand-book. Thhrd edition, dvo. cloth .... 8 00 

— — Alternate Current Machinery. Illustrated. 16mo, boards. 60' 

KEMrE. The Electrical Engineer's Poclcet Book: Mod- 
cm Rules, Formulae, Tables and Data. 33mo, leather. . . 1 76 

LOEING, A. K. A Hand-book of tbe Electro-Magnetic 

Telegraph. Second edition. 18mo, boards 60 

LOCK WOOD, T. D. Electricity, Magnetism, and Electric 
Telemphy. A Practical Quide and Hand-book of Gen- 
eral Information for Electrical Students. Operators, and 
Inspectors. 8vo, cloth, 376 pages, 152 illustmtions 9 60 
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MONROE AND J AMIESON. Pocket Book of Elec- 
trical Rules and Tables. For the use of Electricians nud 
Engineers. Seyenth edition, revised. 82mo, leather. 
Adapted for the pocket $3 50 

NIPHEH, Prof. F. E. Thcor}- of Mn^n^tic ^^cnsTlrc- 
ments. With an appendix on the Method of Letust Squares. 
12mo,cloth »....*...; 100 

NOADf H. M. The Student's Text-Book of Electricity. A 
new edition, carefully revised by W. H. Prewe. 8vo, 
cloth, illustrated 4 00 

POrE, F. 8. The Modem Practice Qf the Electric Tele- 
graph. New edition, entirely rewritten, 1891. Svo, cloth. 1 60 

PLANTS, GASTON. The Storage of Electrical Energy, 
and Researches in the Effects Created by Currents Combin- 
ing Quantity with High Tension. With 89 illustrations. 
Tninslated from the French by Paul B. Elwell. 8vo, 

- cloth 4 00 

SALOMONS, SIB DA VID. Electric Light Installa- 
tions and the Management of Accumulators. A Practictd 
Htmd-book. Sixth edition, revised and enlarged. With 
99 illustrations. 848 pages, 12mo, cloth 2 00 

8CHELLEN, JDr. H. Magneto-Electric and Dynamo-Elec- 
tric Machines: Their Construction and Practical Applica- 
tion to Electric Lighting and the Transmission of Fower. 
Translated from the third Geiman edition, with large addi- 
tions and notes relating to American Machines, by N. S, 
Keith. Vol. L, with 853 illustrations. 8vo, cloth 5 00 

THOMPSON, SILVANUS P. Dynamo-Electric 
Machinery. A Series of Lectures, with an introduction 
by Frank L. Pox>e. 16mo. Numerous illustrations, boards. 
(Van Nostrand'a Science Series, No. 66.).. 50 

— Recent Progress in Dynamo-Electric Machines: being a 
Supplement to Dynamo-Electric Machinery. 16mo. 
(Van Nostrand's Science Series, No. 66.) ... 50 

fFA TT, A* Electro Deposition: A Practical Treatise on the 
Electrolysis of Gold, Silver, Copper, Nickel and other 
Metals and Alloys. 12mo, cloth, illustrated 8 50 

Electro-Metallurgy Practically Treated. New and en- 
larged edition. 12mo, cloth 100 

WALKER, FREDERICK. Practical Dynamo Build- 
ing for Amateurs. 18mo, boards • 50 
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WESTON ELECTRICAL INSTRUMENT COMPANY, 

Manufacturers of Electrical Measuring Instruments and Appliances, 



OFFICE AND FACTORY: 



Long Distance Telephone, 970 Newark. 
Cable Address, " Weslec." 




114 & 116 WILLIAM ST. Either^rr(??<tr5^°BtoMCH." 

For tests of line resist- 
ance, insulation resistance, 
determinations of electro- 
motive force and current 
strength, tests of batteries, ' 
dynamos, and most of the 
electrical tests necessary in 
practice, no instruments 
are more convenient than 
the 

"Wsston Standard Voltmeters, Ammeters, and Obmmeters." 

They are vastly more accurate than tangent galvanometers, and 
are practically independent of the earth's field. They are direct 
reading, and so simple that any one can use them. They are very 
dead beat and are portable. We make a very large variety of different 
ranges, to suit the requirements of all kinds of work. We make 
voltmeters to measure from ioJ^Q ^ of a volt to 6000 volts ; and 
ampere-meters to measure from fTjTjVryTJ ®^ ^" ampere to 300 amperes, 
and ohmmeters to measure from a fraction of an ohm to several 
megohms. 

We guarantee the accuracy of these instruments. They have 
been adopted as standards by nearly every large Electrical Engineer- 
ing Company in the United States, and are endorsed as the best 
portable instruments by nearly all the prominent Electrical Engi- 
neers in this country and many in Europe. 

We make Special Combination Instruments for use in telegraphic 
work. 

Send for Illustrated Catalogue and Price List. 

WESTON ELECTRICAL INSTRUMENT CO.. 

1 1 4 & 1 1 6 William Street, 
NEWARK, N. J. 
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The Western Electric Company, 

cncuKi, nvioBi, uinoi, unEiip, tim. 

WE MAKE A SPECIALTY OF 

Electrical Testing iDStraments of Eveiy Description, 

GALVANOMETERS AND SHUNTS 

OF ALL STYLES, 

KEYS AND SWITCHES 

IN ALL THE STANDARD PATTERNS. 

ADJUSTABLE STANDARD CONDENSERS. 

WHEATSTONE BRIDGES, 

ADJUSTABLE RESISTANCE BOXES AND 

HIGH RESISTANCES, 

TO SUIT EVERY PURPOSE. 

TESTING BATTERIES and STANDARD CELLS. 



Special Testing Apparatus Hade to Order 

ACCORDING TO ANY SPECIFICATIONS. 



TESTIHG IRSTRUIEIITS REPAIRED, ADJUSTED AHD CALIBRATED. 



Our testing instruments are used by the leading electrical com- 
panies in the United States. Correspondence invited. 



NEW YORK FACTORY, 

Thames and Greenwich Streets, New York City. 
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